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PRECISION TURRET SLIDE 


. WITH POSITIVE INDEXING | 





























HEIGHT OF CENTRES AS SUPPLIED 4}in 
TURRET BORED OR UNBORED AS REQUIRED 





Suitable for use with ATLAs, SouUTHBEND, CHALLENGER and 
other types of lathe of 44in. to 5in, height of centres. 


Tools as illustrated, with ?in. shanks can be supplied. 


Delivery from Stock 


STEDALL MACHINE TOOL COMPANY 
147-155, ST. JOHN STREET LONDON, E.C.1 


Telephone: Clerkenwell 1010 
HS 
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A useful addition to the library 
of all who are interested in 


Magnesium and its alloys 





pi ELEKTRON 


U.K., 30/- plus 7d. postage | THE PIONEER MAGNESIUM ALLOYS 


Abroad, 30/- plus 1/3 postage il] 


Cheques to be made out to 
F. A. HUGHES & CO. LTD. 





















a entr Costings THE BIRMINGHAM ALUMINIUM CASTING (1903) COMPANY 


Sole Producers and Proprietors of the Trade Mark Elektron": ™ WU ELEKTRO WN LIMITED, Abbey House. London. NW! @ Licensed Manufacturers 
& Forg STERLING METALS ED. Northey P 
t 5 E Northe 
s Forgings & Tubes: JAMES BOOTH 


NES MPANY LIMITED, Dep London Sheet, Extrusions 
8 a t s tc BIRMETALS LIMITED. Woodgate, Quinton, Birmingham 


. 
L 
& 5 TEC yle Street. Works. Neche ahah 
e * of Magnesium and “Elektron” Metal for the British Empire: F HUGHES & CO. LIMITED, Abbey House, Baker Street, London, N Wii 
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PRESSURE 
Die CASTINGS 


WOLVERHAMPTON 
DIE-CASTING C°L™ 
GRAISELEY HILL 
WOLVERHAMPTON 


IN ZINC BASE ALLOYS-~ 
‘MAZAK” or course! 











as 


TELEGRAMS : DIECASTINGS, WOLVERHAMPTON. TELEPHONE : WTON 23831/4 
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AIRCRAFT SHEET FORMING 
MACHINES 


FUEL DUNG APLAT TIL TD 


GLOUCESTER 
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FoR 
' ANYTHING 
| FROM AERO © 


“NUTS AND 


- In addition 
to our five 
standard models 
we are cons‘antly 
building other 
Metal Parts cleaning machines 
for special purposes. 





Whether you require a general purpose machine 
capable of dealing with a wide range of components from small 

metal parts to fairly large castings and pressings or one for carrying out small 
intricate cleaning operations involving special design and construction, we are 
confident of our ability to meet your requirements. During the war we have 
been called upon to supply many unusual metal parts cleaning machines, e.g., 
machines for washing and degreasing tank and aircraft engine parts, reclaimed 
shell cases and even 1,000 lb. bombs. Illustrated literature sent on request, 


DAWSON BROS. LTD., GOMERSAL & LONDON 


Head Office and Works: VENTNOR WORKS, GOMERSAL, LEEDS. 
Tel: Cleckheaton 266. 
London: Roding Lane, Southend Road, Woodford Green, Essex. 
Tel: Wanstead 0481. 
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° [Jjuckman 5 spindle 


Pelt Ceiiel ite 


5 SPINDLE BAR AUTOMATICS. Two sizes: 1 )* and 1)”. 











5 SPINDLE CHUCKING AUTOMATICS. Two sizes: 5° and 6" swing 
Wide range of speeds and feeds, 3.8 secs. to over § mins 
5 spindles giving maximum production from minimum frame size 


infinite variation of feed strokes from maximum to minimum without cam 


changing. 
are Positive location and locking of spindle drur 
ave 
. High speed drilling, threading, tapping, chasing. recessing and reaming 
“+ Boy attachments available 
ne 


Large variety of accessible, interchangeable standard toatholders 
B i 





— e COVENTRY eENGLAND® 
| 
LONDON BRISTOL BIRMINGHAM MANCHESTER LEEDS GLASGOW NEWCASTLE 
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yy HESE efficient precision 
metal cutting machines are 


great time and labour savers in 
the manufacture of Dies, Press 


Tools, 
for other toolr 
They put an end for ever to 
laborious diilling, chiselling, 
chipping and hand filing methods 
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The hallmark 





GRINDING MACHINE 
CONSTRUCTION 
AND PERFORMANCE 


JOHN LUND LTD., Eastburn Works, CROSSHILLS, Keighley 
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METROLOGY 


MEASURING EQUIP. IENT BASED ON N.P.L. DESIGN 
FOR PLATE, SCREW AND PLUG GAUGES, ANGLES, 
ALIGNMENT, AND COMPONENTS. 


FROM STOCK 
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No. 1090 


ReF. 1000.—HORIZONTAL PROJECTORS 

Rer. 1010.—VERTICAL PROJECTORS FOR SCREWS 

ReF. 1020.—SCREW PITCH MEASURING MACHINES 

Rer. 1030.—SCREW DIAMETER MEASURING MACHINES 
ReF. 1070.—AUTO COLLIMATORS 

ReF. 1071—ALIGNMENT TELESCOPES AND COLLIMATORS 
Rer. 1080.—CLINOMETERS ACCURATE TO 30 SECONDS 
Rer. 1090.—WORK PROJECTOR FOR COMPONENTS 

Rer. 1100.—UNIVERSAL SCREW COMPARATORS 

Rer. 1110.—-BENCH MICROMETERS 

Rer. 1120.—-TAPER DIAMETER MEASURING MACHINES 


— 


PRECISION TOOL & INSTRUMENT Co. Ltd 
353, BENSHAM LANE, THORNTON HEATH, SURREY 
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INSPECTION WITHOUT GAUGES 


On the HILGER PROJECTOR 
inspection is done by enlarged drawings 
which are quickly and cheaply made, 
instead of by the use of expensive 
gauges which are subject to wear. A 
noticeable saving in time and money 
is thus effected. 


Inspection is quick and accurate, 
it can be made at intervals while the 
work is being machined, thus avoiding 
scrap. 


HILGER PROJECTORS, made 
by Adam Hilger Ltd., London, are of 
the h’ghest optical and mechanical 
quality. They can easily be moved to 
departments where they are required. 
The image can be observed by day- 
light without screening. 





Hundreds of these instruments are 
now being used for the check ng of 
formed parts, profiles and templates against an enlarged master drawing. 


We use 10 HILGER PROJECTORS in our own Works and can 


give reliable advice on the application and use of thes ins:ruments. 


HILGER UNIVERSAL PROJECTOR 


Catalogue on request 


Sole Retailers : 


ALFRED HERBERT LTD. COVENTRY 


Xl 
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AIR COMPRESSORS 








We have standard types for all capacities 
and pressures and can supply the most 


efficient and reliable machine for any duty. 


REAVELL & CO., LTD. - IPSWICH 


Telegrams: “Reavell, Ipswich.’’ Telephone Nos. 2124-5-6 


KINGST' 
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| Only three working 3 Hardenedandground § Shrouded forks give 
parts working faces minimum deflection 


2 Forks solid with 4 Large bearing sur- 6 Lightest and most 
joint halves faces compact joint made 


Efficiency 98% Max. 92% Min. N.P.L. Certified. 


Boy 
Re 


THE UNIVERSAL JOINT 
FOR ALL TYPES OF INDUSTRIAL MACHINERY 


For Transmission of Power; for Auxiliary drives and in the smaller 
sizes for many forms of Remote Control 


Consult us in the design stage. 


In universal use of Aircraft, In general use in many parts 
Aero Engines, Destroyers, Sub- of the World on Automobiles, 
marines and other types of Locomotives, Agricultural and 
Marine Craft. Mining Machinery, etc. 


SEND FOR ILLUSTRATED CATALOGUE 


THE MOLLART ENGINEERING CO,, LTD. 


KINGSTON BY-PASS, SURBITON, SURREY. Telephone: EL Mbridge 3352/3/4/5. Telegrams: P’ecision, Surbiton 
Air Ministry Gauge Test House Authority Mo. 39755/3! 


xiii 
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"JAVELIN" | 


ELECTRIC @ 
ETCHING ° 


Up to fifteen parts etched 
simultaneously from one 
master copy. 





Suitable for hard or soft 
metals. 


Does not affect fatigue 
resistance of the metal. 


Work is etched in finished 
state, no prior or after 
treatment required. 





The Multiple “Javelin” Etcher is 
. , supplied with an adjustable T-slo: ted 
Variable intensity of worktable. This enables multiple 
marking. engraving to be carried out simul- 
taneously on a variety of products 


; such as small aero engine components, 
Supplied for 50 or 60 small tools, ball races, etc. ‘Javelin ’”’ 


cycle A.C. Special equip- etching is clean, rapid and economical. 
ment available for D.C. requiring no special skill in operation 


for marking small parts and_ tools 


‘TAYLOR-HOBsON 


(TRADE PARK) 
ENGRAVING MACHINES ° RESISTANCE ETCHERS 
JAVELIN ETCHERS 


TAYLOR, TAYLOR & HOBSON LTD., LEICESTER & LONDON 


xiv Pitchfords 3817 
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“JOHN BULL” 
COMPARATORS 


No. 2 UNIVERSAL 
As Illustrated. Base 7in. by 54in. Height 10 in. 






No. 0 No. | 
Table ..... 2in. dia. 2in. dia. 
Height...... 54 in. 94 in. 
Throat...... 1} in. 1din. 


FITTED WITH 
ANY TYPE 
OF 
“JOHN BULL” 
DIAL 
INDICATOR 


CATMUR MACHINE TOOL CORPORATION 


LIMITED 
WHITEHEAD HOUSE, 247-9, VAUXHALL BRIDGE RD. 
Telephone WHITEHALL 0094 LONDON, S.W.1 
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THOS FIRTH & JOHN BROWN LTD SHEFFIELD 
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YORK & SNDON 
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DIEHEADS 








BURTON GRIFFITHS & CO. LTD 


SPARKBROOK BIRMINGHAM 
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PRODUCTS OF 
TOOLROOM 
ACCURACY 


STANDARDISED 
DRILL BUSHES 


British 


Mero lea ding 


Components LTD. the way | 


HINCKLEY 
Tel, HINCKLEY 695/6. Grams. AEROPARTS' 
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We are proud of our old Britannia trade mark, for generations 
the respected symbol of Marshall-built machinery. This trade mark forms 
part of the Marshall tradition, but we felt that “our” Britannia should be 
given a modern setting, representative of progressive outlook, continuous 
development and constructive planning. Here is the new version— 
Britannia on a Marshal’s baton. This new symbol is designed to express 
our determination to combine tradition and experience with resourcefulness 
and vision — for your benefit and ours. 











MARSHALLS 


OF GAINSBOROUGH 





Lancashire, Cornish, and Economic boilers of all sizes and 
types. Loco boilers and Vertical boilers of all types and for all 
classes of fuel. Welded work, Ducting, Keirs; Pressure Vessels, 

Air Receivers, Tanks. 


MARSHALL, SONS & CO. LTD., GAINSBOROUGH, LINCS. 
xx 
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Gilman blazed the trail 


As early as 1895 the Pioneering Vision of Gilman was exploring 
and searching towards reality. They were hard lonely days 


with little but an ideal for incentive. 


Today, with precticclly 


half a century’s experience, Gilm’n’s :re still ahe:d in the field 

of Boiler Scaling Equipment, Drives Flexible and Flexible 

Drive Machines and Tools, enjoying the reputation and prestige 
which research and time has brought them. 








1895 — 1944 


GILMANS’ 


F.StULWAR COS KE tTo 


xX PIONEERS IN INDUSTRIAL 
\ FLEXIBLE DRIVES 














** Multifiex’’ hi are lied as either 





Floor Models or Suspended Sets and are fitted 
with a specially designed flexible drive, which 
enables a lightly constructed working head to 
be used with a robustiy built motor. 


CARLTON HOUSE, 195, HIGH STREET, SMETHWICK 41, STAFFS. 


Telephone :SMEthwick 1202/5 (4 lines). 


Tel estan : * Skatoskalo,” Wiens: Birmingham 
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BELT DRIVE 








Motor | Capacity Head Outlet 
H.P. G.M.P. | in Feet | BSS 


1/ */, | 25 | 412 | Vin. 














SUDS 5 





ROBUST DESIGN 
& CONSTRUCTION 
FIRST CLASS MATERIALS 
& WORKMANSHIP 


GRAMS: 
FORWARD 


sHEFFIELD ALBION WORKS 


LONDON GLASGOW 
xxii 
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WARD 





UMPS 



























No.| Branches| G.P.M. | Speed 

1| gin. | 96| 400 
2| in. | 152 | 400 
13) Zin. | 304 











BRITON FERRY 
















“= THO*WWARD LTD cu 


SHEFFIELD 
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BRAND 


INTERNAL 
“GRINDING WHEELS: 


REGD. TRADE MARK 








THE CARBORUNDUM CO. LTD. 
TRAFFORD PARK * MANCHESTER I7 
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Profile ground spur 
and helical gear : 


| 




















Maximum production — with 
minimum waiting time—is guar- 
anteed by using ‘David Brown’ 
profile ground jobs. The sizes 
below can be delivered from stock, 


Every hob is subjected to a super- 
hardening process which is dis- 
tinguishable by a slightly matt 
finish and which means faster 
production and more pieces per 
grind, 






HOB LEAFLET 043/3*/ g 


AVAILABLE TO ALL § 
EXECUTIVES GIVING A 
BUSINESS ADDRESS 


f 
Name i 
Position 
a 3 
i Address A ; E 
| i 
All ‘* David Brown”’ standard ‘ 
hobs are made to B.S.S. tooth t 
Proportions, 20° pressure @ an a oe oe os oe oe oe 6 


angle and are right hand. 


DAVID BROWN & SONS (HUDDERSFIELD) LTD HUDDERSFIELD 


hss inesendeaneeenenetesienpanennarneaaeananntie 
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Which, being iterpreted, means that che girls 
are doing fine down here in Cornwall — making 
more and more tools for vital production and, at 
the same time, releasing mén for the offensive. 


CLIMAT ROCK DRILL & : ie » oR STREET PLACE 
ENGINEERING WORKS LID. LONDON, €.C.2. 
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No. 2E All Electric 
The 1” bar capacity.... 


CAPSTAN LATHE 
and TOOL EQUIPMENT for 
HIGH PRODUCTION 





Orders can be accepted and delivery allocated only 
on Certification of the Machine Tool Control. 


“TIMBRELL WRIGHT 


MACHINE TOOL & ENGINEERING C°L'S 
SLANEY ST. BIRMINGHAM 4 


Agents for London and Eastern and Southern Counties : George 
Hach, L'd., Queenhithe, Upper Thames Street, London, E.C.4 
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a ae 
&) VERTICAL MECHANICAL 


Capacity for Work 
up to 20in. High 









Magnification — 500 
1000 or 1500 to 1 


Scale Range (Plus-Minus) 
0°002", 0°003" or 0°006 


Graduations of Scale 
0°0001" or 0.00005 







Available as a pillar mode! illus- 
trated above or as a_ pedestal 
type with tilting head. Heads onl 

may be supplied where required. 
Various accessories available, two 
of which are illustrated alongside. 


SIGMA INSTRUMENT CO., LTD. 


LETCHWORTH 


Phone: LETCHWORTH 1045 e Grams: SIGMA LETCHWORTH 


Reehrs E. H. JONES(Machine Toots) LTD., Edgware Rd., The Hyde, London, N.W.9 












XXVii 











J ournal of the Institution of Production Engineers 


_ SCIENTIFIC SEATING 
f ~~ plays its part 


Correct support for the worker is as necessary 
‘ as a jig for the work. By reducing fatigue and 

conserving good health Scientific Industrial 
Seating helps the worker and speeds production. 
The diagram shows some of the factors govern- 
ing the design of correct seating, while others 
are dependent on the process and the machine. 
Ask us to suggest Leabank Scientific Seating 
suitable for your own processes, especially 
when planning new developments. 


sk LEABANK 


Write for leaflets and suggestions to" 


LEABANK CHAIRS LTD., Industrial Seating Engineers, 


\ SIF, CHURCHFIELDS, BROXBOURNE, HERTS 4 
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The quickest and most 
economical compound. 


Can be used in a pot. 





Non-potsonous. 


1 1b. tin..... 2/6 
7 1b. tn..... 9/6 
14 1b. tin.....18/6 










DIFTIN LIMITED 
Exhibition Ground, WEMBLEY Middx. 
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TAYLOR 


COLLETS & FEED FINGERS 





For BRITISH, CONTINENTAL AND AMERICAN CAPSTAN LATHES 


fF" AND AUTOMATIC MACHINES 
BROWN & SHARPE, PETERMAN, GRIDLEY, ACME, CLEVELAND, GARVIN, 
PRATT & WHITNEY, WARNER & SWASEY, INDEX, BARDONS & OLIVER, 
WARD, HERBERT, BUTTERWORTH, OAKLEY, FOSTER, B.S.A., ETC. 
EXTRA CAPACITY CHUCK HOODS AND COLLETS 


SEND DIMENSIONED SKETCH OR SAMPLE WITH YOUR ENQUIRY 
ASK FOR LIST No. 21 


we ee ee 


a CHARLES TAYLOR 


( BIRM™)LTD. 


mit BIRMINGHAM 5. ENGLAND. 








TELEPHONE: MIDLAND 0083-4-5 é TELEGRAMS: LATHES, BIRMINGHAM 
XX1X 
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A fully Wlustrated art bookiet 
based on an article entitied 
“Principles of Production Wong 
which appeared in Vol. 2, No. 1 

f the “Production and Engineer- 
ing Bulletin”, FREE on request. 


CINCINNATI 


LU BN NG PE RBNI SL SLILTLEN KG) 
straight into the work eliminates cutter 
over-travel or approach, and, where applicable, 
sometimes effects great reductions in machi- 
ning time. Knowledge of the principles will 
enable you to plunge straight to the heart 
of your production milling problems. 


CINCINNATI MILLING MACHINES LIMITED + TYBURN : BIRMINGHAM 
Sales Representatives for the British Isfes: CHARLES CHURCHILL & CO. LTD., COVENTRY RD., SOUTH YARDLEY, B’HAM, 25 
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INDEX TO ADVERTISEMENTS 


As a war-time measure the advertisement section of this Journal is now pub- 

hshed in two editions, A and B. Advertisers’ announcements only appear in 

one edition each month, advertisements in edition A alternating with those in 

edition B the following month. This Index gives the page number and edition 
in which the advertisements appear for the curvent month. 


Arnott & Harrison, Ltd. 
Automatic Coil Winder Co. Ltd. 
Barber & Colman, Ltd.... 

Baty & Co., J. E.... eee 
B.E.P., Ltd. ... 

Block & Anderson, 1... 
Bratby & Hinchliffe, Ltd. os 
British Aero Components, Ltd. 
Brown, David. & Sons, (Hudd.) Ltd. 
Burton, Griffiths & Co. Ltd. ... 
Carborundum, Ltd. 


Catmur Machine Tool Corporation, Ltd. ee ice 


Cincinnati Milling Machines L 


Climax F.9ock Drill and Seating Works, Ltd. ; 


Cooke, froughton & Simms, Ltd. 

Dawson Bros. Ltd. “a 

Desoutter Bros. Ltd. ee eos 

Drummond (Sales) Ltd. .. ‘a 

Fielding & Platt, Ltd. ... 

Firth, Thos. & John — Ltd. 

Fletcher Miller, Ltd. ai 

Gilman, F., (B.S.T.) Ltd... ae 

Guylee, Frank, & Son, Ltd... 

Herbert, Alfred, Ltd. vot ae6 

Higgs Motors, Ltd. eee 

High Duty Alloys, Ltd. ... 

Holman Bros. Ltd. ‘et 

Hughes, F. A. & Co., Ltd. ene 

1.C.I, (Paints), Ltd. 

Jessop, William, & Sons, Ltd. 

Leabank Chairs Ltd. ee 

Leytonstone — and Tool Co. Ltd. 

Lund, John. L 

Macrome, Pog a ton ene os 

Marshall, Sons & Co. ft. ~ te 

Midgley & Sutcliffe 

Midland Saw and Tool Co. Ltd., The 

Mollart Engineering Co. Ltd. ... 

Motor Gear Engineering Co. Ltd. 

M.P.J. Gauge and Tool Co. Ltd. 

National Alloys, Ltd. ove 

Newall, A. P., Ltd. 

Newall Engineering Co. Lta. 

Newman Industries Limited .. 

Norton Grinding Wheel Co. Ltd. 

Parkinson, J., & Son... ae eee 

Piftin Ltd, . 

| neem Tool & Instrument ‘Co. Ltd., The 
Pryor, Edward, & Son, Ltd. ... 

Reavell & Co. Ltd. _ 

Rotherham & Sons, Ltd. 

Sanderson Bros. & Newbould Ltd. ... 

Sigma yer Co., Ltd. ... on 

Snow & Co. 

Stedall benahaee Tool Co. Ltd.” 

Taylor, Charles, Ltd. 

Taylor, Taylor & Hobson, Ltd. 


Timbrell & Wright Machine Tool Engineering Co. Ltd. 
Urquhart, Lindsay & Robertson erie Ltd. ... 


Vaughan, Edgar & Co. ... 
Ward, H. W., & Co. Ltd. 

Ward, Thos. W., re ‘ 
Wickman, A. C., Ltd. 
Wolverhampton Dic Casting Co. 
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The fact ihat goods made of raw materials in short supply owing to 
war conditions are advertised in ‘‘ The Journal” should not be taken 
as an indication that they ave necessarily available for export. 
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London: K.G. Fenelon, M.A., Ph.D., 36, Portman Square, London, 
W.1., Welbeck 2233. 


Luton and Bedford : R. M. Buckle, 238, Cutenhoe Road, Lutcn, Bedford- 
shire. 


Manchester : F. W. Cranmer, Associated Biitish Machine Tool Makers, 
Ltd., Lloyds Bank Buildings, King Street, Manchester. 


Melbourne (Victoria, Aus.) : F. Glover, 41, Moreland Street, Footscray, 
W. 11, Australia. 


North Eastern: J. Nicod, A. Reyrolle & Co., Ltd., Hebburn-on-Tyne, 
Co. Durham. 


Northern Ireland : H. W. D. Winkworth, c/o Short & Harland, Queen’s 
Island, Belfast. 


Nottingham : L. Shenton, ‘‘ The Anchorage,” Shaftesbury Avenue, 
Sandiacre, Notts. 


Preston: R. G. Ryder, Thos. Ryder & Sons, Ltd., Bolton, Lancs. 
Sheffield : J. P. Clare, St. James’ Chambers, 38, Church Street, Sheffield 1. 


— : F. Blackith, Wellwcrthy Piston Rings Co., Ltd., Lymington, 
ants. 


—_ Wales and Monmouthshire: J. Vaughan, 131, Penarth Road, 
ardift. 


Sydney (New South Wales) : J. M. Steer, 260/262, Kent Street, Sydney. 
Western : H. D. Glover, 63, Trelawney Road, Bristol, 6. 
Wolverhampton : A. J. Burns, Dudley & Staffordshire Technical College. 


Yorkshire : F. Beaumont, 1, Moorcroft Avenue, Oakworth, Keighley, 
Yorks. 


Graduate Section Honorary Secretaries 
Birmingham : A. J. Page, 36, Epwell Road, Perry Bar, Birmingham, 22c. 
Coventry : R. R. Britain, 135, Croft Road, Nuneaton, Warwickshire. 
London: P. R. Pelly, Feering Croft, Priory Road, Stanmore, Middlx. 
Yorkshire : N. Sykes, 389, Killinghall Road, Bradford Moor, Bradford. 


Student Centre Honorary Secretary: 


Loughborough College: T. D. Walshaw, B.Sc., Loughborough College, 
Loughborough, Leics, 














THE INSTITUTION OF PRODUCTION ENGINEERS 


INSTITUTION NOTES 
January 1944 


Extraordinary General Meeting.—Official Notice. 

NOTICE IS HEREBY GIVEN that an Extraordinary General 
Meeting of the Institution will be held at Institution Headquarters 
on Friday, 18th February, 1944, at 2-() p.m., for the purpose of 
ratifying the Council’s recommendation that membership sub- 
scriptions be increased as follows :— 


Present Proposed 
Subscription Subscription 

£-s. d. £ a é. 
Full Member = ve ae we. see © 3 3 0 
Associate Member aa a Po a ae 212 6 
Intermediate Associate Member — aes © 2 2 0 
Associate ... — a eee oe aoe © 22 0 
Graduate (over 25 years) ae a oe = 111 6 
Graduate (under 25 years) : ©.@ a 
Student (over 25 years) a 1 0 0 ; as 
Student (under 25 years) ee ie 10 O 10 6 


BY ORDER OF THE COUNCIL 


K. G. FENELON, 
General Secretary. 
February Meetings. 


4th February—London Section. At the Institution of Civil 
Engineers, Great George Street, London, 8.W.1., at 7-0 p.m. 
An informal discussion on “‘ Rate Fixing and Time and Motion 
Study ” will be opened by A. E. Young, Esq., A.M.I.P.E. 

4th February—Coventry Section. An “‘ Any Questions ”’ even- 
ing at the Coventry Technical College, at 6-45 p.m. 

4th Febrary—Eastern Counties Section. <A ‘‘ Question Night ” 
on Production Engineering subjects in the Lecture Hall, Museum, 
High Street, Ipswich, at 7-0 p.m. 

4th February—Lincoln Sub-Section. At the Technical College 
Lecture Hall, Lincoln, at 6-30 p.m. A. Chisholm, Esq., (Halifax), 
will lecture on *‘ Jigs, Tools, and Workshop Methods.”’ 

7th February—Coventry Graduate Section. At the Coventry 
Technical College (Room A5), at 6-45 p.m. ‘‘ Case discussion-”’ 

lith February—Nottingham Section. A meeting will be held 
in tne Staff Canteen of Crossley Premier Engines Ltd., Sandiacre, 
Notts., at 6-45 p.m. An informal discussion on “ Inspection,” 
will be opened by A. Johnstone, Esq., M.I.P.E. 
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llth February—North Eastern Section. The County Hotel, 
Newcastle-on-Tyne, at 6-15 p.m., W. H. Curtis, Esq., will lecture on 
** Costing as Applied to Production.” 

12th February—Preston Section. At the New Technical College, 
Manchester Road, Bolton, at 2-30 p.m. H.W. I. Inshaw, Esq., will 
lecture on ‘ Plastics.” 

12th February—Yorkshire Graduate Section. At the Hotel 
Metropole, Leeds, at 2-30 pm. F. W. Berridge, Esq., will 
lecture on “ Excavating Machinery.” This will be a joint meeting 
with the Graduate Section of the Institution of Mechanical Engineers. 

I8th February. Extraordinary General Meeting of the Institu- 
tion at 2-0 p.m. at 36, Portman Square, W.1. 

18th February—London Graduate Section. At 36, Portman 
Square, London, W.1, at 7-0 p.m., A. Risik, Esq., will lecture on 
“ Quality Control in Production.”’ 

22nd February—Sheffield Section. At the Royal Victoria 
Hotel, Sheffield, at 6-30 p.m., Mark H. Taylor, Esq., M.I.P.E., will 
lecture on “Some Applications of Optics to Engineering.” 

24th February—Leicester Section. At The College of Tech- 
nology, The Newarke, Leicester, at 7-0 p.m., N. R. Bligh, Esq., 
B.Sc., and 8. V. Williams, Esq., B.Sc., will lecture on ‘‘ Heat 
Treatment by High Frequency Inductance.” 

24th February—Glasgow Section. At the Institution of Engin- 
eers and Shipbuilders in Scotland, 39, Elmbank Crescent, Glasgow, 
C.2., at 7-15 p.m. Dr. H. Orenstein, M.I.P.E., will lecture on “‘ The 
Importance of the Activities of the Production Engineer in Post- 
War Conversion.” 

24th February—Manchester Section. At the Technical College, 
Manchester, at 7-15 p.m. Professor T. H. Pear will lecture on Morale 
in industry.” 

26th February—Yorkshire Section. At the Hotel Metropole, 
Leeds, at 2-30 p.m. E. A. Cooke, Esq., will lecture on ‘““The Grinding 
of Profiles.” 

27th February—Luton Section. At the Luton Library Meeting 
Room, George Street, Luton, at 10-0 a.m. R.T. Rolfe, Esq., F.1.C., 
and J. R. Boyant, Esq., B.Se., of W. H. Allen, Sons & Co. Ltd., 
will lecture on “‘ Failures of Design and Material.”’ 
Committee Meetings, etc. 

Ist February—Special Meeting of Membership Committee at 
Queen’s Hotel, Birmingham, 11-30 a.m. 

8th February—Special Meeting of Education Committee at 
Queen’s Hotel, Birmingham, 11-30 a.m. 

18th February—London Section Committee Meeting at Institu- 
tion Headquarters, 12-0 noon. 
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NOTES 


18th February—Meeting of the Finance and General Purposes 
Committee, at Institution Headquarters, 2-15 p.m. 

21st February—Meeting of the Finance Committee of the 
Research Department, at Loughborough, 2-15 p.m. 

22nd February—Meeting of the Education Committee at Queen’s 
Hotel, Birmingham, 10-0 a.m. 

22nd February—Meeting of the Membership Committee at 
Queen’s Hotel, Birmingham, 12-30 p.m. 

The Technical and Publications Committee meets at Headquarters 
every Wednesday, at 5-30 p.m. 


Council Meeting. 
The next meeting of the Council will be held on Friday, 24th 
March, at Loughborough, at 11-30 a.m. 





Halifax Section. 
A new section is being formed at Halifax, but the date of the 
inaugural meeting has not yet been fixed. 


Newly Elected Members. 

As Members: J.T. Ball, P. Bevan, A. H. Blackwell, V. Bleasdale, 
R. Cairns, H. Dowell, C. D. Gibb, Major Hon. O. M. Guest, H. W. 
Harper, W. Langford, J. A. Leech, W. P. Meeson, T. H. W. Millie, 
J. Murphy, R. 8. Odd, D. D. Rayner, W. R. Snell, H. C. Yaffe. 

As Associate Members: R. A. Adams, H. W. Allbrooke, S. 
Annesley, R. Beaney, R. 8S. Bennett, T. L. Booth, H. Brouard, G. A. 
Brown, F. F. Bullard, F. W. Burnard, J. W. H. Clarke, J. Everin, J. 
K. Fisher, J. W. Goldingay, T. B. Hall, C. G. Hallam, D. F. Horne, 
W. A. Jaffrey, J. Kennan, J. Lancaster, G. T. Lee, W. Milne, E. T. 
Mordecai, 8. D. J. Narraway, H. O. Pate, S. Randall, L. H. Rhodes, 
E. S. Richards, W. G. Rooke, A. W. P. Stephen, F. H. Story, E. H. 
Smith, D. Tong, C. W. Walker, H. Willis, J. Wilson, J. A. K. 
Winfield, A. Wood, R. J. Woodhams. 

As Associates: G. E. Bache, W. M. W. Brunyate, E.. A. Hyde 
T. L. Morton, A. Siddall, J. Stokes. 

As Intermediate Associate Members: V. J. Adams, J. W. A. Aldridge, 
J. H. Allen, R. E. Andrews, G. E. Bateson, W. J. Baxter, J. H. 
Bodinetz, A. E. I. Bond, W. J. Brambley, W. E. Challinor, W. 8S. 
Cuthbertson, L. W. Davies, R. Davies, E. Dawson, C. R. Devlin, 
G. E. Dodd, A. R. Ellis, A. H. Evans, G. Forrest, W. S. French, 
J. E. Fry, 8S. Giles, G. C. H. Guard, P. G. Hewitt, F. Heywood, 
J. R. Hicks, B. G. Hockridge, J. C. Holmes, A. L. Ireland, F. Ives, 
H. M. James, F. A. Janes, T. A. Johns, R. E. Jones, R. G. E. Jones, 
H. Kay, C. W.H. Long, D. A. Loydall, R. McMillan, W. A. Mackrow, 
G.A. Maisey, A. J. Mantell, A. Osgerby, A. D. Pead, W. G. Reming- 
ton, T. B. Roberts, V. E. Rogers, 8. R. Rose, A. Sadler, H. Sampson, 
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A. Smith, A. E. Smith, J. M. Steer, E. A. Westwood, A. G. Williams, 
A. Williamson, E. Woolley, L. W. Worthington, 8. Wright. 

As Graduates: E. H. Arnold, G. W. Clamp, D. Coates, J. H. Cotton, 
A. D. Edwards, E. Griffin, M. W. Hibling, M. H. Horton, J. H. 
Kellner, R. H. H. Kingdon, 8. J. Martin, V. Moley, G. T. Price, 
C. Toeman, R. A. Ward, J. W. Wong Yen. 

As Students: T. C. Allen, W. Ayres, R. Barker, J. D. Bond, 
G. W. Brown, K. L. Carpenter, D. A. Chappell, J. A. Cleal, M. A. 
Cook, D. Cullern, R. Day, L. M. Harman, L. J. Harrow, R. H. 
Hodges, J. H. Hull, G. F. Lloyd, 8. E. Lofthouse, F. G. McCormick, 
D. J. Main, M. F. Mansell, K. L. Merther, C. F. Millington, E. R. 
Newell, D. W. Pain, J. A. Pickford, R. H. Poole, J. E. Pretty, 
K. Pridding, F. W. Rodgers, C. T. Rushton, C. W. Smith, R. J. K. 
Snell, C. N. Taylor, F. I. Thomas, W. J. Vaughan, W. Venables, 
J. A. Walford, P. J. Welburn, N. F. Whitehead, R. Willcock, A. P. 
Williams, R. 8. Williams. 

As Affiliated Firms: Jessop & Co. Ltd. (Aff. Representative 
A. Jardine), Wm. Jessop & Sons Ltd. (Aff. Representative, D. A. 
Oliver), The Wolseley Sheep Shearing Machine Co. Ltd. (Aff. 
Representative Captain H. Macnamara). 


Transfers. 


From Associate Member to Full Member: A. L. Asquith, F. T. 
Daniel, E. 8. Gregory, C. R. Jordan, E. Paton, Major E. Smith, J. B. 
Stevenson. 

From Intermediate Associate Member to Associate Member: W. 
Cookson, C. J. Kneller, N. E. Langdale, E. G. Milner, F. H. Schofield, 
T. J. Tilley. 

From Graduate to Associate Member: W.H. Cross, L. C. Carr- 
Locke, M. Z. Rivlin, W. A. Robinson. 

From Graduate to Intermediate Associate Member: F. Hine, 
W. Howells, L. Hutchinson, J. Hutchinson-Jarvis, J. Reid, E. 
Southam, J. Tocher, G. E. Trotter. 

From Student to Graduate Member : H. Derbyshire, B. A. Gittens, 
W. Johnson, K. C. Morgan, N. Newey, 8. J. Rice. 


Honours List. 


Members will have seen from the New Year’s Honours List that 
Mr. G. E. Bailey has been awarded a Knighthood for the invaluable 
service he has rendered to the engineering industry. Sir George 
Bailey is the immediate Past President of the Institution having 
held the Presidency from 1939 to 1942. 

A. V. Allday and I. 8. Sinclair receive the M.B.E. in recognition 
of their services to production, and we offer to these three members 
our sincere congratulations on the honour conferred upon them by 
His Majesty. 
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Dr. Schlesinger. 

On 21st January last, Dr. Schlesinger celebrated his seventieth 
birthday. We extend to him our best wishes for an improvement 
in his health in the near future. 


Appointment of Deputy Director. 


We have much pleasure in announging that Dr. D. F. Galloway, 
B.Sc., has been appointed Deputy Director of the Research Depart- 
ment. Dr. Galloway has for the past four years been assistant 
to Dr. Schlesinger at the laboratory. We wish him every success 
in the increased work and responsibility which he is undertaking. 


Higher National Certificates in Production Engineering.} 


We have been informed that the following candidates, who sat for 
the Higher National Certificate in Preduction Engineering, have 
successfully passed the examination : 

Birmingham Central Technical College: G. A. Bentley A. G. 
Bradbury, H. 8. Butcher, J. L. Gwyther, W. H. Gwyther, N. 
Newey, E. R. Nicholls, C. A. Rawes, R. J. Read, R. P. Sampson. 

Derby Technical College: G. F. Allen, E. A. Bradley, E. H. Cutts, 
H. Derbyshire, T. R. Fletcher, R. E. Gell, G. R. Gibson, V. C. 
Harrison, B. Johnson, D. Lacey, D. A. W. Leech, W. J. Murfin, 
C.8. Petrie, W. A. Reeves, D. M. D. Scott. G. P. Torrance, A. York. 

Keighley Technical College: H. G. Bottomley, W. Stalker, H. D. 
Wharton. 

The Northampton Polytechnic Institute, Finsbury: M. R. Carson, 
R. Cescotti, A. C. Clerk, W. P. Collier, R. V. Dowse, P. 8. McCaig, 
R. T. Mustard, J. E. Poulter, B. L. Steward. 

Wolverhampton and Staffordshire Technical College: M. A. G. 
Andrews, R. Cooper, W. G. Evans, J. W. Hallam, E. C. Horton, 
K. C. Morgan, A. G. Welch. 


Subscriptions. 

Members who have not yet paid their annual subscription are 
reminded that the financial year commences on Ist July of each year. 
The prompt payment of subscriptions considerably facilitates 
administrative work and obviates unnecessary expense and use of 
paper. 

The Technical Bulletin. 

The attention of members is drawn to the fact that as from 
December, 1943, publication of the Technical Bulletin has been 
discontinued. This decision has been accepted with reluctance 
after careful consideration of all the circumstances. 
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THE PRODUCTION OF SURFACE FiNISH 


Paper presented to the Institution, Yorkshire Section, on 
2nd October, 1943, by J. L. Hepworth, 
GradJ.P.E., B.Sc. (Eng.) 


WE have heard a great deal lately on the question of surface finish, 
and its measurement, and much valuable work has been done to 
enable the quality ofa certain surface to be expressed in definite and 
universal terms, which can be understood and reproduced. Where 
previously the quality of a surface has been judged by eye, in 
comparison with an accepted standard, instruments have now 
been developed and are in regular use which can trace out the con- 
tour of any given surface on a greatly magnified scale and indicate 
the depth and pitch of the surface irregularities. A figure is also 
given which represents the average height of the irregularities, and 
is generally expressed in millionths of an inch (or microinches), yet 
in spite of these measurements it is not sufficient to specify the 
surface characteristics in figures only. The method by which the 
surface is produced is very important. Two surfaces giving the 
same value of surface roughness produced by different methods can 
give entirely different results under working conditions. 

It is intended to discuss very briefly the various machining 
methods employed for producing surface finish upon metallic 
materials. Such methods can be divided into two major classes : 


Chipless methods which do not definitely remove material, but rely 
more upon a pressing or flowing action of the surface material to 
produce the shape desired. 

Chip methods which produce surface aud dimension by the definite 
action of a cutting tool, be it a single-point tool or a multipoint 
abrasive tool. 

Examples of the chipless methods are, casting, coining, cold 
heading, forging, pressing, rolling, burnishing. Broadly speaking 
these methods are used only for operations where close dimensional 
accuracy is not required, and as preliminary operations to the chip 
forming methods. An exception is the case of burnishing, which 
is used as a finishing operation after turning, grinding or boring. 
Its action is to bring about a flow of the surface layer by non- 
elastic deformation. Ifa surface is accurate and rough, the resulting 
surface, after burnishing, will be accurate and smooth. However 
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Fig. 1. 


if a surface is inaccurate and‘rough the resulting surface will be in- 
accurate though smooth. 

A burnished finish on outside diameters is not generally extremely 
accurate as the pressure varies according to the strength of the 
centres and the holding device on which the burnishing is performed. 
There is also sufficient displacement of the grain and molecular 
structure of the surface material, so that burnishing produces a 
surface composed of material above the base material which ordi- 
narily is not satisfactory for heavy bearing loads and high speed 
operation. 

Internal burnishing is more common, and an example of this is 
the burnishing of valve guides by pressing through the hole a 
hardened steel ball. In such a case the bearing load is small and 
the operation has the following functions :— 

1. Smooths the surface giving a highly reflective finish. 

2. Impregnates the surface with lubricant, provided lubricant is 

used in the operation. 

Hardens the extreme outer layers of the metal. 
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For the production of accurate surface: the chip-forming methods 
are more frequently used, the commonest of which are :-— 
(a) Turning, boring, planing, shaping, slotting. 
(b) Milling, broaching, filing, sawing. 
(c) Drilling, reaming, tapping. 
(d) Grinding, honing, lapping, superfinishing. 


Basically all the above processes are the saine in principle, 
consisting of a shearing action of the metal by the tool, the tool 
being harder than the material to be cut. 
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Single-point turning is the basic method, the others being varia- 
tions in its application. Let us therefore consider the actual 
conditions which make up the turning method of surface finishing. 

The removal of metal is effected not by a true cutting action, but 
by a tearing or shearing away of the metal. By using the high 
speed motion camera, it has been possible to study the exact process 
of this shearing. It becomes apparerit from photos so obtained 
that the shearing does not take place at the cutting edge of the tool, 
but that under the extreme pressure of the cut, a fragment of metal 
becomes welded to the tool tip and acts as a wedge in shearing 
the metal above it. This wedge is known as the “ built up edge.” 
As the stationary pile of compressed material becomes larger and 
larger the line of shear between itself and the ship body on the one 
side, and the workpiece on the other moves farther and farther 
away from the cutting edge. Thus, as the built up edge increases in 
size, it also becomes more and more unstable ; eventually a point is 
reached where failure occurs and fragments are torn off and escape 
with both chip and the workpiece. 

This intermittent building up and breaking down of the forward 
end of the built up edge occurs at an extremely rapid rate, thus the 








Fig. 4. 
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surface of a workpiece finished under these conditions is covered 
with a multitude of fragments of built up edge. 

Examination of a tool tip which has been used for cutting steel 
or aluminium frequently shows the remains of a built up edge 
welded on to it. 

Photomicrographs have been taken of a chip in the process of 
forming by stopping the machine suddenly, leaving a partly formed 
chip (Fig. 3). Thusthe built up edge can be seen to be composed 
of compressed material, and the surface of the workpiece leaving 
the tool is in a distorted state, the crystalline grains of the material 
being elongated in a direction substantially parallel to the tool face. 
With steel, and other ductile materials the chip is continuous, 
but the underside shows the remains of a multitude of built up 
edges (Fig. 4). Brittle materials break up as the tool bends the 
chips off, but cast iron in addition cuts freer as the built up edge 
has less tendency to weld through lubrication by the graphite 
in the material. 


Naturally this continual tearing away of the metal generates a 
great amount of heat as a result of the following major causes :— 


A. Moiecular flow and grain movement setting up tremendous 
internal friction with resulting heat. 


B. By the pressure of the chip moving across the surface of 
the tool, depending upon the coefficient friction between 
the chip and the tool, and the cutting speed. 


C. By friction of the workpiece against the clearance edge of 
the tool. 


The first has been shown to be the greatest source of heat rise. 
Use of correct tool rake keeps it to a minimum. 

The second can be reduced by keeping the top surface of the tool 
smooth, and by using a cutting lubricant to cause the chip to slide 
easily. 

The third is normally relatively unimportant, but if the cutting 
edge breaks down a fairly large area of the tool will rub against the 
workpiece causing excessive heat rise followed by complete break- 
down of the tool. 

Because of this heat generated fluids are run onto the tool to act 
as coolants. They are necessary because excessive heat causes 
breakdown of the cutting edge of the tool, resulting in reduced effici- 
ency, also to cool the part being machined in order that dimensional 
accuracy may be maintained. 

For a good finish the surface must not be produced under 
extremely high temperature conditions which might be conducive 
to grain growth, fragmentation of crystalline material, distortion 
of molecular structure and the formation of smear or amorphous 
metal. 
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In considering the turning operation mention has been made of 
the high surface speed, tool pressure, the high temperature produced, 
the method by which the material adheres to the face of a turning 
tool and is forced through the material being pushed ahead, the 
splitting off of the material ahead of the actual tool and the dis- 
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PHOTOMICROGRAPH OF SURFACE 


Part ses ove eee +e paw pres Armature shaft 

Material ... ana ron mas a eee pea --. Steel 

Operation sh =a oa RR .. Turned .016 feed 

Profilometer.... ae ons .. 250 microinches rms. 

Magnification ... eee or aa wee 25 diameters 

IMumination_.... wil “s pom ooo wee Oblique 
Fig. 5. 


rupting of the crystalline structure of the material. It is, therefore, 
not surprising to discover that, in a surface produced by turning, 
not only are the extreme outer layers of the surface, but many layers 
beneath are subjected to tremendous elastic and non-elastic 
deformation and molecular disturbance. (Fig. 5). 
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The extreme outer lavers composed of irregular peaks and valleys 
are made up of material which has been pulled, pushed, squeezed, 
melted, fragmented, torn and otherwise mutilated. Beneath the 
outer layers are inner layers serving as a bond to hold the outer 
layers to the body of the part. The inner layers have been disturbed 
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Fig. 6.—-Precision bored Surfaces. 
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be elastic and non-elastic deformation, stressed and compressed and 
otherwise mutilated in much the same manner as have the outer 
layers except perhaps to a lesser extent. 

Beneath these outer and inner layers is the undisturbed body 
of the material, an orderly crystalline structure. 

It is thus very clear that turned surfaces are not conducive to 
carrying maximum loads with minimum friction. 

The depth of the disturbed outer layers will naturally depend upon 
the nature of the operation. In rough turning operations with a 
very heavy cut it will be a maximum and will be clearly visible to 
the naked eye. Using modern well-designed high speed lathes 
taking a very light cut at fine feed it will be at a minimum. The 
best example of this is diamond tooling. To the naked eye this 
appears as a very bright, smooth surface, but under a microscope 
the hills and valleys are observed and the surface roughness can be 
seen. 

Tooled finish is employed in quite a number of cases as a bearing 
surface, chiefly in non-ferrous holes such as gudgeon pin holes in 
automobile pistons. (Fig. 6 and 7). 

The essentials for good results are : 

(a) Fine feed—in order of .0005 in. to .005 in. per rev. 
(b) High spindle speed—for free cutting and to make for 
economical running. 
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(c) Design of machine. The spindle must be a first class 
rigid job. A well desig:.ed plain bearing spindle can be 
used or if ball or roller bearings, the races must be special 
precision races. Good balance is essential with no vibra- 
tions. It goes without saying that the slides must be 
in good order without any play, and the feed drive must 
be perfectly smooth. Hydraulic feed is recommended. 
The tool holder must be as rigid as possible, and with a 
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Fig. 8. 


(a) Cemented carbide cutting tool rough ground. 

(b) Cemented carbide cutting tool finish ground. 

(c) Cemented carbide cutting tool ground with ‘* Spedia '’ wheel. 
(d) Ordinary razor blade (for comparison purposes). 
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boring bar keep the diameter as big and the length as 
small as possible. 

(d) Tool. The tool radius is important. Too small a radius 
leaves a rough finish with well defined feed lines. Too 
large a radius increases tool pressure and causes chatter. 
.020 in. to .030 in. R. is best for most jobs. , 
Tool material should be cemented carbide or diamond. 
The latter gives a finer finish but easily snips through 
careless handling or encountering a hard inclusion. 
Carbide tools need careful preparation. After rough 
grinding on a green grit wheel they must be finished on a 
diamond lap. (Fig. 8). It goes without saying that the 
correct rakes and clearances must be used. 

With free cutting tools and a very fine cut the degree of 
surface disturbance is at a minimum and such surfaces 
give very good results in bearing applications. 

Burnishing of a turned surface smooths out the peaks and valleys 
by plastic flow, leaving a bright finish, but still leaves underneath 
the disrupted metal. 

All the remarks regarding turning apply equally well to such 
operations as boring, planing, shaping and slotting as the method 
of metal removal is indentical. Drilling, reaming and tapping are 
similar operations to boring, but multiple cutting edges are used, 
and the cutting tool is piloted on the surface just machined. This 
generally givqs a burnished effect and an apparently smooth surface. 

In milling a multiplicity of turning tools are used, each presenting 
itself in turn to the workpiece. In addition to the normal surface 
roughness produced by a single tool, milling produces a further 
surface irregularity through the discontinuity of the various cuts. 

Broaching again uses multiple cutting faces, but in this case each 
tooth takes a continuous cut over the full length of the surface. 
Theoretically a broach is an ideal metal removing tool, as each tool 
can be designed to fulfill a special purpose and that purpose only. 
Thus the first few teeth on the broach are roughers and take a fairly 
heavy cut. The later teeth take a very light cut for sizing and 
obtaining a good finish. In some cases the last few teeth are 
designed as burnishers and have no cutting edge. 

From the surface finish point of view broaching still has the same 
disadvantages of surface fragmentation, but lacks the feed lines of 
turning and teeth marks of milling. 


Abrasives. 


The use of abrasives for the commercial production of surface 
finish is a comparatively recent development. It first became 
essential when hardened steel components came into use and, 
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because of distortion and scaling in the furnace, inaccuracies of a 
component prior to hardening resulted. Now, of course, abrasive 
methods are used for finishing hard and soft surfaces on account of 
the high quality surface and dimensional accuracy of these later 
methods. 

Generally abrasives may not be thought of as cutting tools, and 
yet when their abrasive action is analysed, abrasives are found to 
perform in much the same manner as a single point tool performs. 
Each tiny abrasive grain will act in its own small way as does a single 
point tool in a multiple milling cutter. 

Abrasives may be used loose, as coated abrasives or as bonded 
abrasives. 

Loose abrasives are used only for lapping and polishing operations 
and the abrasive is mixed with some oily substance and generally 
charged on toa soft material such as cast iron or wood as a carrier. 

Paper or cloth coated with abrasive grains and bonded with a suit- 
able binder can be used for polishing operations where a bright finish 
is required. Polishing or sanding irregular sufaces such as auto- 
mobile body sheet metal is a major use for abrasive paper. 

Perhaps the most widely used abrasive for commercial surface 
finishing is the bonded abrasive. This is made up of a base or 
binder in which is mixed a specific type and size of abrasive grain. 
This material was carefully mixed. moulded into shape and sintered 
into a conglomerate whole. It can then be used for any abrasive 
cutting operation inasmuch as the grains are held in the bond which 
serves as a toolholder. Each abrasive grain becomes a minute 
single point tool. 

The earliest known abrasives were natural stones found in various 
localities. These stones, after their cutting or abrading properties 
were discovered, became of great value to mankind. Some natural 
formations were found from which large blocks could be obtained, 
and these were dressed into wheel shape and used as grindstones. 
The only use these days for grindstones is in rural districts. The 
natural stone was not fast cutting enough for modern. industry and 
also could not be turned at high speed without danger of the wheel 
flying to pieces. However, natural stone could be crushed, and the 
abrasive grain thus obtained moulded into the desired shape. Later, 
methods of manufacturing artificial abrasives were perfected, per- 
mitting accurate control of the finished product. Both natural and 
artificial abrasive materials are extensively used in industry. 

Natural abrasives are: Sandstone. 
Solid quartz. 
Emery. 
Corundum. 
Diamond powder. 
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Artificial abrasives are: Aluminium oxide (which is the cutting 
element in emery and corundum). 
Carbide of Silicon (or carborundum). 
Carborundum is nearly as hard as diamond. Aluminium oxide is 
slightly less hard, but tougher, and the grains are best for grinding 
materials having high tensile strength. 


Specifications of Bonded Abrasives. 


Bonded abrasives can be specified by their grain ; bond and struc- 
ture. 

Grains are graded by sieving through a series of screens with so 
many holes per linear inch. Both aluminium oxide and silicon 
carbide grains are standard is screen sizes from 4 to 240 and have 
classified flow sizes of 280, 320, 400, 500 and 600. 

A grain of 16 grit will pass through meshes having 16 meshes to the 
linear inch, but will not pass through the next smallest screen which 
has 20 meshes to the linear inch. 

An abrasive wheel made of grains of one size is termed a straight 
grain wheel. It is this type that is most universally used by modern 
industry for precision mass-production grinding operations. 

The cutting grains in a grinding wheel must be held together in a 
suitable manner. The material holding these grains in the form de- 
sired is referred to as a bond. 

By use of different bond materials or bonding processes the cutting 
action of grinding wheels can be controlled in order to grind various 
materials in the most efficient manner. This has resulted in con- 
siderable research as to which types of bonding can be best used for 
different work, however, the greatest proportion of grinding wheels 
are produced by either of three bonding processes. These are :— 

Vitrified (probably 50% of the total). 
Silicate. 
Elastic (either resinoid, rubber or shellac). 

Vitrified bonded wheels are the most widely used type for all 
purpose grinding. Silicate bonded wheels are smooth and cool in 
operation, but are not as free cutting as vitrified. They are more 
generally used for sharpening H.S.S. tools. 

Elastic bonded wheels have a number of uses, chiefly as narrow 
cutting-off wheels, control wheels for centreless grinding, or in cases 
' of producing very bright surfaces. 

The specification of structure or hardness of a grinding wheel is 
always somewhat of a mystery to the uninitiated, being generally 
expressed by a letter of the alphabet. Confusion is increased, 
however, by different wheel manufacturers commencing their grades 
from the opposite ends of the alphabet. Thus while most manu- 
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facturers specify A as their softest wheel and Z as their hardest, 
one or two work the other way. 

The expressions “ hard ”’ and “ soft ’’ are themselves misleading 
in their applications to grinding wheels, for in actual fact the hard- 
ness of the cutting grains is the same. It is the strength of the bond- 
ing material that is the important factor. A “ soft”? wheel has a 
relatively small ratio or bonding material to abrasive, and conse- 
quently the abrasive grains are only loosely held together and give a 
fairly open and porous structure. A “hard” wheel has a high 
ratio of bond to abrasive and the grains are very firmly held together. 
Thus we are able to reconcile the well known fact, which is not at 
first apparent, that a soft wheel is necessary for grinding a hard 
material and vice versa. Each abrasive grain being a minute 
cutting tool, cuts a minute chip out of the work, and in so doing 
gradually becomes dulled, and, in the case of a very hard wheel, 
would soon cease to cut, merely glazing the surface. What actually 
happens in the case of a correctly working wheel is that as soon 
as the grain becomes dulled it is loosened in its bond and broken 
away, revealing a new grain below to take its place. 

Thus, too hard a wheel unless frequently trued will cease to cut, 
producing high temperature, glazing and sometimes causing surface 
cracks. A soft wheel will be free cutting, but will soon lose its size 
and will also produce a poor finish due to the breaking away of the 
abrasive grains. 

It is interesting to consider theoretically the number of cutting 
points in operation during a grinding process. Consider the case of 
a wheel 20 in. dia. x 6in. wide giving a wheel area of 378 sq. in. 
Assuming the grain size is 100, there will be approximately 10,000 
grains per square inch, or 3,780,000 in operation over the whole 
surface. If tte cutting speed is 6,000 ft./min. the cutting points in 
use per min, are 4,320,540,000. 

The grinding process is a sizing operation as well as a surface 
finishing operation, and it is now quite common practice to grind 
cylindrical articles on production lines to a tolerance of .0001 in. 
and a surface finish of 5 micro-in. R.M.S. For such results very 
close attention must be paid to the following points : 

Wheel speed. 

Work speed and rate of feed. 

The lubricant or coolant that is used. 
The choice of grinding wheel. 

The condition of the grinding machines. 

Wheel speeds for efficient use are between 5,000/10,000 ft./min. 
with vitrified wheels, and 6,000 ft./min. is the normal figure. 
Increasing the wheel speed has the effect of hardening the wheel. 
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Fig. 9 


Work speed should be 30/90 ft./min. for steel, and 200/400 ft./min. 
for cast iron, but no firm figures can be given as each job must be 
treated on its own merits. 

As in turning operations the use of a coolant-cum-lubricant is 
important for good surface finish, but much more care is necessary 
in its use. 

Very high surface temperatures are produced in grinding and a 
flood of coolant is necessary to keep the workpiece cool for dimen- 
sional reasons, and also to prevent burning. 

The type of coolant used depends upon the material being ground, 
but for all-round work a soluble oil is very staisfactory. A very 
important point is that the coolant should be kept clean, as particles 
of grit in suspension cause marking of the work, and sometimes 
chatter, especially in the case of centreless grinding. For this 
reason large settling tanks should be used for the coolant and for 
high class work a filter is necessary. 

The choice of a grinding wheel is a matter of experience, and 
intelligent trial and error. For rapid stock removal a fairly soft and 
coarse wheel is best, but gives a poor surface finish. Conversely 
a hard, fine wheel is not free cutting and rapidly glazes. Conse- 
quently for high class work it is general to rough out within a few 
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thou. of size with a free cutting wheel ; and to finish with a wheel 
as fine and as hard as possible to give maximum surface smoothness 
consistent with economical production time and lack of wheel 
glazing. 

The condition of the grinding machine is of first rate importance. 
It is obviously impossible to produce a first class article unless the 
machine is carefully adjusted and maintained. 

Trouble due to the machine shows itself not only in the surface 
finish, but in chatter and out of roundness of the workpiece. The 





Fig. 10. 


best check for this is to rub the ground component with a split 
brass bush, when every irregularity is revealed. This test will 
show fine chatter not measurable under ordinary instruments, 
but which nevertheless are detrimental to a highly loaded bearing 
surface. (Fig. 9). 


Type of Surface Produced. 


As previously stated, it is quite common practice to produce a 
surface finish of 5 micro in. by grinding. (Fig. 10). These surfaces 
appear extremely smooth to the naked eye and are free from a 
definite scratch pitch, but it should always be remembered that 
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grinding cannot be performed without intense surface temperatures, 
and as in turning the surface layers are torn, crushed and generally 
mutilated. The temperatures are higher than in turning, but on 
account of the very light cut taken the depth of the disturbance is 
not as great. Recent experiments with the electron diffraction 
camera have shown that a fine ground surface is made up to a depth 
of 80 atoms of loose fragments of oxides, nitrides and decarbonised 
metal ; and up to a depth of 50,000 atoms is in a strained condition 
due to excessive temperature. 

This disturbed layer, commonly known as grinding fuzz, is 
obviously not a good bearing surface and it is common knowledge 
that this surface must be rubbed off before a bearing can settle down. 
The process of running in is a generally accepted procedure. The 
glazed finish produced by using a very hard wheel, or by “ slow 
wheel ” grinding is very smooth, but is actually a foil made up of 
crushed and melted surface metal. The cohesion of the underlying 
metal and this amorphous layer will be very weak allowing portions 
of the smear metal to flake off and wear under any normal bearing 
load or flexure, 


Lapping. 

Lapping is essentially a method for producing extremely smooth 
surface finish, and for making extremely small amounts of correction 
for accuracy. Abrasive paste, formed by mixing loose abrasive 
flours with oil, is applied by means of a lapping shoe, quill, or similar 
unit, which is of softer metal than the work to be lapped. Usually 
the area of the lap is relatively high in relation to the work area. 

As compared with bonded abrasive, there is no definite area of 
contact. Cutting action is accomplished by the comparatively few 
grains which become charged, or embedded, in the soft metal lap. 
Normally, a very large number of grain particles, roll loosely 
between the surfaces of the work and the lap, producing a rubbing, 
lightly burnishing action. Consequently, the distribution and 
number of these cutting contacts varies constantly in operation. 

The total normal pressure used in lapping is mechanically applied, 
and is extremely low. Unit pressures, however, may vary from 
high to relatively high, depending upon the combined character- 
istics of the charged grains as related to the bridging effect of 
plug type lapping application. 

The lapping members are actuated in combinations of rotary and 
stroking motions over the work surface. This actuation more 
readily permits the grits to embed themselves into the lapping 
member. Also, when embedded, it serves to accomplish more 
efficient cutting action, by fracture of the grains, or by allowing 
all cutting edges of the grains to work. The characteristics of a 
lapped surface is its multi-directional cutting marks. 
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The process is capable of generating surface planes accurate within 
a few millionths of an inch, and surface smoothness of less than 
1/10 millionth of an inch. Its applications cover all types of sur- 
faces, whether cylindrical, flat, internal or external. In certain 
cases, notably valve seats, a component may be lapped to fit its 
mating component. 

It will be appreciated from the preceeding remarks that the success 
of hand lapping depends entirely upon the sklil of the operator and 
is a very slow process. While it is not to be improved upon for 
accuracy of surface contours it is not a production process, but the 
engineer has been able to reproduce the characteristics of hand 
lapping in a machine. Originally Johansson lapped his gauge 
blocks by hand, but we owe their widespread use as reference 
gauges to the lapping machines which make their large scale produc- 
tion possible. 

There is nothing very elaborate about a lapping machine—in fact 
one could build several for the cost of one plain grinding machine. 
Generally it consists of a cast iron table approximately 2 ft. by 3 ft. 
in diameter’ which rotates slowly in the region of 100 r.p.m. Above 
this is a similar table, kept stationary and capable of being lowered 
onto the work which is placed between the tables and held in a 
carrier. This carrier is given an eccentric movement in relation 
to the table. Pressure is applied to the work by the weight of the 
top plate or by other controllable means. A supply of abrasive 
and lubricant is applied periodically to the plates. Size is controlled 
purely on a time basis, the experienced operator knowing how 
long it will take to remove the desired amount of stock. It is 
absolutely essential that the lapping plates are perfectly flat, and 
this is usually done by lapping them against each other. 

Lapping machines were originally developed by flat surfaces, but 
are frequently used for cylindrical work, in which cause the abrasive 
is only in line contact with the work. On account of this errors 
such as chatter and out of roundness from previous operations 
cannot be corrected. 

A further refinement in recent years has been the replacement of 
the cast iron plates by fine abrasive wheels both of which rotate in 
opposite directions but at slightly different speeds. Very high 
grade surfaces are produced by this method. 


Honing. 


This process cannot be better described than by quoting L. S. 
‘tz, of the Micromatic Hone Corporation :— 

‘he honing process originated in the demand for a better method 

icing smoother surface finish in bores than could be obtained 

ely by earlier forms of grinding or reaming operations. 

| efficiency of mechanical output increased, the process 
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developed controls to correct errors and produce low tolerance 
accuracy for roundness and straightness. With the expanding 
trend towards metal treatments, and exaggerated heat treating 
distortions, further developments and controls have been provided 
to increase the rate and the amount of stock removal by 1200 to 
1400°% of that formerly obtained. It has also developed external 
applications on some cylindrical parts. 


‘“ Honing uses the largest contacting abrading area, as related to 
work surface, of any of the abrading processes. It uses both silicon 
carbide and aluminium oxide only in stick form, and in grain sizes 
from approximately 80 to 600. Bonds used, particularly on steel 
parts, are usually soft. For example: In a bore 3 in. diameter by 
8 in. long, six 150-grit stones would have an area of 7.5 square inches 
of contacting abrasive area, and an estimated 98,000 odd simul- 
taneous sheering contacts. A corresponding grinding wheel ap- 
plication, using a 46 grit wheel, would have approximately .055 
square inches of contacting abrasive area and only about 48 simul- 
taneous shearing contacts. In other words, honing would have over 
2100 times as many simultaneous shearing contacts as compared 
with grinding. 


* The total normal pressure used in honing, while higher than that 
used in other abrading processes, results in unit pressures ranging 
from approximately 55 to 75 lbs. per square inch in rough honing, 
and from 40 to 55 lbs. per square inch in finishing honing. With 
so many simultaneous contacting grits, this means that unit pressure 
per grit ranges from .324 to .019 ounces in rough honing and from 
.015 to .003 ounces in finish honing. Grinding would generate up to 
approximately 5000 times as much pressure per grit in medium 
rough grinding and up to 30,000 times as much pressure per grit in 
finish grinding. 


“In present actuations honing uses simultaneous combinations of 
rotation and reciprocation of the abrasive, and sometimes rotation 
or reciprocation of the work, depending upon the nature of the result 
desired. A number of different types of surface finish markings 
result from these actuations, comprising regular and irregular 
mechanical patterns of abrasive travel, as may be desired to conform 
with functional operation of the surfaces. These multi-directional 
motions serve to control the degree of cutting action, and the type and 
degree of surface finish desired. 


‘* The speeds used in honing are relatively lower than in any other 
mechanically operated abrading process which uses bonded abrasive. 
The abrasive is rarely actuated in production faster than 250 surface 
feet per minute. In the majority of applications this speed rarely 
exceeds 200 surface feet per minute. 
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Fig. 11. 


“Honing produces combined accomplishment. It corrects error, 
and generates form accuracy within tolerances as low as .OOOL in. 
in some parts and up to .001 in. in others, depending upon the size 
and characteristics of the application. It generates uniform size 
well within the practical production limits required for the majority 
of interchangeable parts. It is capable of removing substantial 
amounts of stock—at the rate of 57 cubic inches per hour—to com- 
pensate for unusual errors and distortions resulting from heat 
treating or previous processing. It generates any type of finish 
desired to meet functional operating requirements of assembled 
parts. It generates any degree of surface finish smoothness desired 
in production processing. 

“Honing has been generating so-called commercial finishes 
ranging from 5 to 10 micro-inches, r.m.s., and very smooth surface 
finish within 1 to 5 micro inches, r.m.s., in regular high production 
for approximately the past eight years, in many cast iron and steel 
parts.” (Fig. 11). 





19 








THE INSTITUTION OF PRODUCTION ENGINEERS 


While honing will correct surface and size defects of previous 
operations it will not correct errors of alignment cf the hole. 

The honing head consists of a number of abrasive sticks (usually 
six or eight) equally spaced radially which are capable of being 
expanded outwards. This movement controls the rate of stock 
removal and size and can be done by hand or automatically. To 
this head is imparted a rotating and reciprocating movement. 
generally paraffin is used as a lubricant. (Fig. 12). 

In one stroke of the conventional honing process the cutting grains 
travel a very considerable distance in their helical path without a 








Fig. 12. 


change of direction. Thus the grits tend to become blunted and to 
give a glazing effect, giving an apparently good surface. 

Recent developments have tended to increase the number of 
movements so that the stones are constantly changing their direc- 
tion. Thus they remain free cutting under lower pressures and 
generate less heat. 

The ** Microfinishing ** process employs a fairly rapid and short 
reciprocation of the hone or work piece in addition to the normal 
movements. 

Superfinishing is based upon the same principles. 

Superfinish. 

This is a trade name given by the Chrysler Corporation to a new 
technique for obtaining a very high surface finish on a mass produc- 
tion basis. 

on oe 

rhe development of this process commenced some years ago when 
it was discovered that harmful brinell marks were made by the 
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rollers on roller bearing races in the rear axles of cars shipped across 
the U.S.A. by rail. These marks were small in themselves when 
examined after shipment, but in service soon enlarged producing 
noise and eventual bearing breakdown. (Fig. 13). 

Amongst the explanations put forward to explain these indentions 
were that of corrosion, the effects of electrolysis, ete. However, it 
was demonstrated that lapping would remove the infinitely thin 
‘* fuzz ’’ which it was discovered, was what really had been indented 
or brinelled from the pounding effect produced by the railway trucks 
on the rails. The base metal was unaffected. The superfinish 
process was first developed to remove this fuzz, and completely 
overcame the trouble. It has now been applied to a much wider 
field. 

While superfinishing is not yet in widespread use in this country, 
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it is used on a large scale in the U.S.A. This is how A.M. Swigert 
of the Chrysler Corporation describes the process. Os eret 

“ Superfinishing technique uses relatively coarse bonded abrasives, 
a combination of short scrubbing motions, light pressures, slow 
abrasive cutting speeds, and a fluid acting as a lubricant instead of 
a coolant. The resulting surface is different metallurgically and 
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physically than surfaces produced by any other commercial machin- 
ing method. Abrasive stones, hel. lightly against the work, move 
back and forth, while the work spins, re volve ‘s or oscillates in such a 
way that surface “teeth ” and * peaks ” left after grinding ‘are 
scrubbed away. 


SECTION ONE 


Mictoinches rms 


SECTION TWO 
SUPERFINISHED 
5 seconds 
30-35 
Microinches rms. 


SECTION THREE 
SUPERFINISHED 
10 seconds 
14-18 
Microinches rms 


SECTION FOUR 
SUPERFINISHED 


Microinches rms 


SECTION FIVE 
SUPERFINISHING 
Completed 


Microinches rms 





One inch .040 inch 


Magnification .. 25 diameters 
Iilumination ... jighomieowe Oblique 


Fig. 16._-Progressive Superfinishing—surface photomicrographs of test bar, 
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” .“‘ Mechanical operations that are performed to obtain dimensional a 
size fragmentize the metallic surface of the part so there is left a c 
surface that by anology may be compared to a layer of snow upon s 
a body of ice. The snow is of exactly the same chemical composition f 


as the ice but in an entirely different physical condition. Likewise 
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Section Four. ~SUPERFINISHED 15 seconds; 10-12 microinches rms. 









Section Five—SuPerrinisHIna completed ; 1-2 microinches rms. 


Litrititis 
One inch = .0013 inch 
Magnification ............. 750 diameters 


Fig. 17.—Profile photomicrographs of test bar. 
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a block of steel that has been finished to dimensional size will be 
covered with amorphous metal. Tuis surface can be brought to a 
superfinished surface with a bonded abrasive brick by removing the 
fragmented material leaving the smooth crystalline surface exposed. 
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Section Four—SurerrinisHeno 15 seconds; 10-12 microinches rms 





Section Five—Surerrinisninc completed: 1-2 microinches rms 
Magnification—Vertical 3900x; Horizontal 20x. 
Each small square = 10 millionths inch vertically 


Fig. 18.—Surface analyzer charts of test bar. 
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“ One of the basic advantages of superfinishing is the rapidity with 
which rough surfaces produced by other methods are smoothed in 
a few seconds. The greater percentage of surface roughness is 
removed in the first 5 seconds of the operation. As the bearing 
area increases, the loaded stone, and lubricant viscosity begins to 
take effect. This slows up material removal which insures an 
increasingly mild abrasive action.” 

The fundamental of superfinishing is that the stone should never 
travel the same path across the work more than once. This is 
obtained by using a combination of motions such as the following : 
(Fig. 14). 

The abrasive stone is oscillated 1/,, in. at 500 r.p.m. making 1,000 
strokes per min. of '/,,in. each. The mechanism oscillating the 
stone at this rate is itself oscillated } in. at 100 r.p.m., making a 
motion of 200 jin. strokes. In addition the whole mechanism 
slowly traverses to and fro along the whole length of the work 
piece which is also rotating slowly. The combination of these 
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Fig. 20. 


four movements gives the stone a random movement never repeating 
the same path and which, as anyone who has done any hand lapping 
knows, produced the smoothest surface in the shortest time. 
(Figs. 15, 16, 17 and 18). 

Superfinishing can be applied to any shape of surface and is not 
restricted to cylindrical work, and also lends itself to use on special 
purpose machines for mass production. (Figs. 19, 20 and 21). 


Comparison of Types of Surfaces. 


In comparing these various methods of surface finishing it must be 
borne in mind that two things are generally aimed at in metal 
removal, viz.—dimensional accuracy and surface finish. Turning 
is primarily a stock removing operation, while at the other end of the 
scale superfinishing removes practically no metal at all (i.e. only 


1 . : 
several io,009 im. at the most). 


It will be obvious that the more metal removed at a cut, the 
greater is the beat generated and the more fragmentation of the 
surface occurs. For this reason it is good practice always to remove 
metal in two or more stages, the last stage being a very light cut. 
(Fig. 22). 

One failing of the grinding process is that as the grains break 
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Fig. 21. 


away from the wheel, some fragments of them are embedded into 
the surface of the workpiece. Whether this occurs enough to cause 
trouble is debatable, butitis realised that it is bad practice to lap 
soft materials with loose abrasives. It is claimed that with 
superfinishing, pressures are so low as to prevent this occurring. 
(Fig. 23). 

With some trepidation I would now like to discuss the thorny 
problem of how smooth a surface should be. A high degree of 
finish is desirable generally for one or more of the following purposes: 
(a) Pleasing appearance. 

(b) Reduction of fatigue. 
(c) Bearing purposes. 
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Fig. 23. 


The first needs no discussion beyond mentioning in passing that 
hand-lapped and superfinished surfaces do not appear as smooth to 
the naked eye as fine ground surfaces of the same roughness, on 
account of the random appearance of the scratches. 

In regard to fatigue, it has long been acknowledged that a: good 
surface increases the fatigue range, for two reasons. A very rough 
surface is in effect covered with a series of sharp notches which result 
in high stress concentrations causing cracks which gradually spread 
across the member. Secondly if it has been produced by a heavy 
cut the metal is disturbed for some considerable depth below the 
surface and will again give rise to cracks when highly stressed. 
It does not appear necessary, however, to go to very fine degrees 
of finish unless the component is severely stressed. 

It is the question of bearing surfaces that I want to discuss more 
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fully, and it is here that we come up against controversial ideas. 
It has been a recognised practice in fitting a bearing to make it a 
tight fit and to allow it to run itself in—always a painful procedure. 
During this running in period high spots are removed and the bearing 
clearances increased to what is agreed to be the normal amount. 
What happens during this running period? A glance at tracing of 
a ground surface shows it quite clearly. The surfaces are covered 
with a thin layer of rough fragmented material whose high spots 
penetrate the oil film in the bearing and are torn off. This process 
proceeds until the surfaces rub each other smooth. The results are 
quite satisfactory provided sufficient heat is not generated to cause 
seizure, in which case the bearing would be ruined, and that the 
loose material removed is not allowed to circulate with the oil and 
cause continuous wear. By this method the onus for a successful 
bearing is placed upon the user. In the case if a soft metal running 
against a hard metal the loose fragments will become embedded in 
the softer metal and acting as a lap will wear away the harder sur- 
face. 

Arguing on these lines one school of thought says “‘ Why not 
remove all this fragmented metal before assembling the bearing ? 
Then no running in period will be required, and the bearing will 
have a longer life.’ Superfinishing is recommended for removing 
the high spots. The graphs show that it is advantageous in levelling 
off the high spots, yet retaining to a greater or less degree the hollows 
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Fig. 25. 


which should act as oil reservoirs in the event of failure of the oil 
film. There are innumerable data to show that the load carrying 
capacity of a bearing increases with the smoothness of the surfaces. 
The reason is, of course, in the case of rough surfaces that only the 
peaks are in contact giving very high local bearing pressures. A 
smooth surface has a much greater effective area of contact. 

It is an accepted fact that under conditions of film lubrication the 
mating surfaces of a bearing are not in contact but are separated 
by a film of oil which is under pressure. (Fig. 24). Under lightly 
loaded conditions the nature of the surface finish is unimportant, 
but as the load increases the oil film becomes thinner and some 
of the peaks project through the films, contact similar peaks in 
the mating surface and are torn out, giving rise to local seizure on 
a very small scale. Further increase in load probably results in 
total seizure. As the peaks are reduced so the load carrying capacity 
increases, and in a good bearing an oil film only a few molecules 
thick is necessary. This means that the bearing clearances need 
only be extremely small. 

This very thin oil film is under pressure, the sum of which exactly 
equals the load on the bearing. Consequently the oil will have a 
tendency to flow out of the bearing. Its flow will be greatly facili- 
tated by deep scores or scratches which act as channels. In this 
respect Dr. Schlesinger has recently pointed out that oil grooves cut 
in a journal reduce its load capacity for exactly the same reason 


(Fig. 25). 
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We see then that theoretically a perfectly smooth surface is to be 
aimed at, but in practice the results have been disappointing, and we 
now find manufacturers steering clear of so called ‘“‘ mirror finished ” 
surfaces. The previous theory assumes two important factors not 
always borne out in practice. The first is that there is always 
adequate lubrication. It is to be regretted that this is not always 
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Fig. 26.—Rough versus Smooth. 





the case, especially with reciprocating motions. Consequently 
metal to metal contact will occur at some period, and with an 
extremely smooth surface severe galling is likely to take place. 
In the rougher surface the scratches which are normally detrimental 
now act as oil reservoirs and minimise the area of seizure. 


The second, and less recognised, factor is that surface quality is 
measured not only by smoothness, but also by roundness or flatness, 
as the case may be. It is quite possible to have a perfectly smooth 
surface (as measured by Profilmeter or other instrument) whicb is 
very uneven. (Fig. 26). If two such surfaces be run together the 
load would be carried only on one or two local points where 
extremely high pressures would occur. Unfortunately such is not 
the exception but the rule. We may make our surfaces perfect in 
every respect, but when assembled and under stress they are prob- 
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ably distorted from their original shape. A typical case is a cylinder 
bore, which on tightening the cylinder head studs and warming up 
to working temperatures becomes anything but round. Our only 
remedy in such cases is to fall back on the old way and rub off the 
high spots during the first few hours of the bearing life. A rough 
surface will bed up quicker than a smooth one, which may become 
ruined before it has bedded. For this reason piston rings are fre- 
quently given a rough finish on the periphery to facilitate rapid 
bedding. Thus we see that no rigid rule can be laid down for degree 
of finish required. Each case must be treated separately. It is 
general practice to make one of the surfaces fairly smooth and the 
other fairly rough. The smooth one should be the one less likely 
to distortion under working conditions. In the case of a journal 
bearing, the shaft is obviously the one to choose. During the run- 
ning in period the shaft will remove the high spots of the journal, 
eventually producing a round and smooth surface. 


Conclusions. 
To sum up, the requirements of bearing surfaces are :— 
(a) An even surface free from waviness or chatter. 


(b) A surface finish as good as possible when conditions of 
lubrication and distortion have been considered. 


(c) Freedom from subsurface defects due to overheating during 
machining, or embedded abrasives. 

It is to be hoped that future design will minimise lubrication 
and distortion troubles, in which case we can look forward to 
machines which need no running in, and which will run for consider- 
able periods without the necessity for maintenance. 

In concluding here is an example of an achievement which should 
be a pointer to the future. 

** Manufacturers in the electrical refrigeration industry, as long 
ago as 1931, offered a free, complete service guarantee for the first 
year after date of sale. This was made possible by extensive study 
and analysis in which all factors of design and production, from the 
laboratory to the final assembly, were correlated on a control plan. 
Specifications covered every phase of manufacture, including speeds 
and feeds used in operating each machine. Particular attention was 
given to the reduction of frictional wear, and to conserving the 
functional qualities of the material. Form accuracy was established 
at .0001 in. maximum, and surface finish smoothness within 2 to 4 
microinches, r.m.s., for many operating parts in these hermetically 
sealed units. This original guarantee has since been increased to 
give five years for hermetically sealed units, and 10 years for open 
type units, with further experience in operation of quality control.” 
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Let us look forward to the day when motor cars, machine tools, 
vacuum cleaners, and other articles of everyday life can be bought 
with a similar guarantee. 





The author wishes to make due ackhowledgment to the following 
papers for the source of some of his information : a 
, Coll. 

ceoryy ‘ rae 7 1 = oo ” f = ‘ 
(a) The Story of Superfinish,” by Swigert. coh 
(6) ‘The Iron Age series of Superfinish,” by W. F. Sherman. 0! 


Ind1 
(c) _ “Produce the Specified Finishes by Honing,” by L. S. Martz. 
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Research Department : 
Production Engineering Abstracts 
(Edited by the Director of Research). 


NoTe.—The addresses of the publications referred to in these Abstracts 
may be obtained on application to the Research Department, Loughborough 
College, Loughborough. 


COMBUSTION, FURNACE. 


Old Core Ovens Made New—A Worth-while Conversion to Gas. (The 
Industrial Gas Times, November, 1943, Vol. VII, No. 74, p. 29, 2 figs.). 


Drawbacks of old ovens. Insulation. Value of recirculation. Heat trans- 
mission. Fresh air admission. Temperature control. Modernised core oven, 
showing some of the newly installed controls and equipment. 


The Uses of Controlled Atmospheres in the Metal Industries. Part III 
—Commercial Atmospheres. (Sheet Metal Industries, December, 1943, Vol. 18, 
No. 200, p. 2087, 5 figs.). 


Cracked ammonia. Percentage of hydrogen in partially burned cracked 
ammonia. Cylinder gases. Electrolytic hydrogen. Cracked hydrocarbons. Gas 
carburising furnace using gaseous carburising medium. Sulphur dioxide. 
Gas analysis. Pit type furnaces for hardening high-speed tools. Hardening. 
Tempering. Annealing. Normalising. Stress relieving. Treatment of hot- 
rolled material. Bright brazing. Nitriding. Gas carburising. 


COOLANT, LUBRICANT. 


The Lubrication of Driving Chains, by E. V. Paterson (Mechanical Wovrld, 
17 December, 1943, Vol. 114, No. 2972, p. 695, 11 figs.). 


The efficiency of a well-maintained roller type transmission chain, for 
example, should not be less than 98%. In order to maintain this efficiency and 
also to preserve the life of the chain, correct lubrication is vitally important. 
Chains are used : (1) for the transmission of power, (2) as connecting mediums 
for simple couplings, (3) for the conveyance of materials. Examples: Lineshaft 
drive enclosed in a chaincase with pump lubrication and integral oil sump. 
Typical arrangements for chaincases with pump lubrication. Application of 
snap drop oiler. Depth of oil required in chaincase. Transmission chain with 
segmental bush to collect and pump oil. Inverted tooth chain with rocker pin 
to eliminate sliding friction. 


GEARING. 


Equipment and Methods for the Production Heat Treatment of Gears. 
(Mechanical World, 3rd December, 1943, Vol. 114, No. 2970, p. 645). 


A review of plant types and their uses, carburising materials, containers and 
operational procedure. Equipment. Heating and cooling rate. Carburising 
containers for gears. Carburising compounds for gears. Preparation for 
carburising. Case depth selection for gears. The carbon content of the case. 
The hardness of carburised gears. Relation of casehardening to machining 
operations. 











PRODUCTION ENGINEERING ABSTRACTS 


MACHINE ELEMENTS. 


Annular Ball Bearings—III, by R. Waring Brown. (Power Transmission, 
December, 1943, Vol. 12, No. 143, p. 752, 9 figs.). 


Ball race rings. Full row ball bearings. Ball action in full row ball bearings. 
Ball bearings with cages. Annular ball bearings for thrust loads. Twin row 
ball cage. Single row ball bearing. Thrust capacity of annular ball bearings. 
Mounting ball bearings. The material required must be the finest procurable 
both in regard to its chemical composition and consistency and should have as 
high an elastic limit as possible. A typical material analysis is :— 

C: 1.010%; Si: 0.250% ;: S: 0.019% ; 
P : 0.020% ; Mn: 0.280% ; Cr. : 1.250% 


MACHINING, MACHINE TOOLS. 


Fine Boring Practice, by W. Boneham. (Machinery, 16th December, 1943 
Vol. 63, No. 1627, p. 673, 8 figs.). 


The principle of fine boring is a high spindle speed, a very fine feed and 
a light cut. Due to the exceptionally low machining stresses, very light 
clamping arrangements can be made, thus avoiding distortion of the com- 
ponent. Versatility of fine boring. Importance of spindle accuracy. 
Diameter variation by quill adjustment. To obtain the best surface finish, 
all conditions must be correct, i.e., the spindle must be in good condition, 
the correct shape of diamond used, and a fine, steady table feed obtained. 
The diamond shape has an important effect upon the surface finish obtained. 
Diamonds usually have a negative back rake and the clearance is kept to a 
minimum, according to bore diameter. Feed and surface speed. In the normal 
non-ferrous range of materials, very similar results are obtained as regards 
surface finish using the same diamond and speeds, etc. 


Securing Fine Surfaces by Grinding, by H. J. Wills. (Machinery, 16th 
December, 1943, Vol. 63, No. 1627, p. 690). 


The cutting action of any grinding wheel will vary with changes in the 
area of contact between wheel and work, the ratio of wheel and work speeds, 
the rate of traverse, and the amount of in-feed. Action between wheel and 
work. The selection of wheel and speeds. Procedure in starting grinding. 


CHIPLESS MACHINING. 


The Principles of Lubrication in Modern Deep Drawing Practice, by H. A. H. 
Crowther, P. D. Liddiard and K. I. Marwood. (Sheet Metal Industries, 
December, 1943, Vol. 18, No. 200, p. 2099, 2 figs.). 


Metallic soaps. Soluble oils. Chlorinated hydrocarbons. Sulphur. Other 
chemical additive materials. Solid lubricants. Limitation of choice : chemical 
factors ; mechanical factors ; psychological and physiological factors ; method 
of dilution. The two most serious defects in any drawing operation are 
those due to scoring and fouling ; often they cause the article to be scrapped 
but what is much more serious, the tools, particularly the dies, are damaged. 
Effect of annealing on lubricants. Application of lubricant. 


MANUFACTURING METHODS. 


Broaching Oblique Holes, by W. Cooper, (Machinery, 9th December, 1943, 
Vol. 63, No. 1626, p. 653, 4 figs.). 

Factors opposing easy production are : dimensional smallness of bore ; un- 
usual length of circuitous perimeter in conjunction with small bore diameter ; 
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abnormal length of bore ; hard material and obliquity of the hole through the 
body of the component. Tensile safety factor. When a Jong perimeter has to 
be cut, broach teeth should be notched to break up the chips. Notches on the 
following teeth should then interspace those of the preceding ones. The 
component showing the square oblique hole which had to be broached. Milling 
preparatory to broaching. Broaching fixture. Details of broach and sequence of 
operations. 


Simplifying Machine Setting, Part 2. (Production and Engineering Bulletin, 
December, 1943, Vol. 2, No. 13, p. 587, 7 figs.). 


The problems of machine setting in factories, handicapped through shortage 
of skilled setters, should be considered at all stages in the manufacture 
of any product, from the design of the component to the final inspection. 
Maintenance of machine tools. Division of setting. Training of setters. 
Technical data for setters. Setting facilities. 


Sheet-Metal Forming and Assembling, by W. Schroeder and T. H. Hazlett. 
(Aircraft Engineer, December, 1943, Vol. XV, No. 178, p. 353, 57 figs.). 


Properties of common aircraft materials. Basic forming operations. 
Classification of actual parts. Forming equipment. Hydro-press forming 
with rubber platens. Limits for drawn boxes—24S-0 Alclad material. Stage 
used in multiple-cup tests. Comparative limits for single—and multiple- 
operation cups. 


Temperature Control Gives True Leadscrews, by F. Schoeffler. (The 
Machinist, 4th December, 1943, Vol. 87, No. 33, p. 90, 5 figs.). 


The Lodge and Shipley Machine Tool Company studied the existing methods 
of manufacture and inspection. Heat affects accuracy. For finish chasing 
precision leadscrews, the temperature of the room, the lathe, the cutting 
fluid and the work must be carefully controlled. Likewise, it is important 
to support the work close to the cutting tool. Precision leadscrews are 
inspected for lead errors and periodic errors with a special leadscrew checking 
instrument. 


The Percival Proctor, by Wilfred E. Goff. (Aircraft Production, January 
1944, Vol. VI, No. 63, p. 5, 23 figs.). 


A light, wood trainer with post war potentialities. Construction and manu™ 
facture of the fuselage and wings. 


The Halifax Undercarriage Bridge Casting, by J. A. Oates. (Aircraft Pro- 
duction, January 1944, Vol. VI, No. 63, p. 21, 31 figs.). 


Foundry production methods. Machining sequence. Extensive use of 
horizontal boring machines tooled for quantity-production work. 


MATERIALS, MATERIAL TESTING. 


The Nature of Pure Metals, by J. F. Young. [Mechanical Engineering, 
(U.S.A.), November, 1943, Vol. 65, No. 11, p. 795, 15 figs.). 


The structure of metals. The atom. Liquid metal. Solidification. Solid 
metal. Allotropic modifications. The grain structure of metals. Micro- 
scopic amalysis. Optical microscope. Electron microscope. Refining 
and forming methods. Grain structure in castings. Cold working. 
Plastic deformation. Strain hardening or work hardening. Grain de- 
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formation and preferred orientation. Cold-work fractures. Recrystallization. 
Annealing. Graingrowth. Hot working. Hotworkfracture. Conclusion. 


German Light Alloy Pistons, by C. W. Wilson. (Met. Ind., 5th November, 
1943, Vol. 63, No. 19, p. 298, Metallurgia, Nov. 1943, Vol. 29, No. 169, p. 38). 


Seven pistons, representing four engine types, have been examined for 
tensile and hardness properties, macro and micro-structure, and chemical 
composition. Six were of the eutectic Si-Al type containing additions of 
Cu., Ni., and Mg., the seventh contained 3.5% Cu, 1.75% Ni., 1.87% Mg. 
All had been press forged in dies from extruded blanks. It was concluded that 
a standardised manufacturing procedure for all pistons has been adopted 
in Germany. 


(Communicated by the British Non-Ferrous Metals Research Association). 


Fatigue Characteristics of Rubber, by F. L. Yost. (Tvans. A.S.M.E., U.S.A., 
November, 1943, Vol. 65, No. 8, p. 881, 19 figs.). 


Repeated oscillations eventually will cause rubber or synthetics to 
deteriorate and crack from ‘‘ dynamic fatigue.” If maintained under 
constant stress just below its tensile strength, rubber will break from the 
high stress. This phenomenon is characterised as ‘‘ static fatigue.”” Both vi- 
bration and loading are involved in practical applications of rubber and 
synthetics, and the material fails generally from a combination of these two 
causes. Data resulting from quantitive studies made on rubber and synthetic 
samples covering both types of failure are given. These are considered separ- 
ately and then practical conclusions are drawn from the combination of the 
two. 


Magnesium Alloy Fires are Preventable. (Production and Engineering. 
Bulletin, December, 1943, Vol. 2, No. 13, p. 596, 2 figs.). 


Systematic swarf and dust clearance is the vital rule. Swarf hazards. 
Magnesium alloy dust. Three precautions, will minimise the risks : (a) strict 
cleanliness. (b) every possible source of ignition, including that from other 
grinding operations in the vicinity, should be totally eliminated. (c) smoking 
must be prohibited. In case of fire: water should never be used to 
extinguish magnesium alloy fires. A recommended extinguisher is a 
special proprietory powder which quickly smothers theflames. A preparation 
of short, natural asbestos fibre, mixed with graphite, dry sand (e.g., black 
moulding sand); or clean cast iron turnings, have also been found to be 
effective. 


The Corrosion Resistance of Cladded Al-Zn-Mg Alloys, by W. Bungardt. 
[L.F.F. (Germany), 20th July, 1943, Vol. 20, No. 7, p. 207/209). 


The corrosion resistance of Al-Zn-Mg alloys containing little or no copper 
(so called Hydronalium) is higher than that of Al-Cu-Mg. alloys of the 
Dural class, whilst their original strength is of the same order (~ 45 Kg/mm?*). 
Dural cladded with Al. is however superior to the Hydronalium over long 
exposure periods, provided the material has been agehardened at room 
temperature. Hot age hardening on the other hand largely destroys the 
benefits of the cladding (copper diffusion from the parent Dural sheet into 
Al covering). 

The question naturally arises whether the corrosion resistance of the 
Hydronalium alloys could also be further improved by cladding. Tests have 
shown that cladding with Aluminium produces no beneficial results in 
this case. If, however, a second Al-Zn-Mg alloy is used, a corrosion resistance 
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equivalent to that of Al. cladded Dural can be obtained in all cases, with the 
additional advantages that the cladded material can be used either in the 
cold or hot age hardened condition without effecting the corrosion resistance. 
The sheet for cladding purposes has the following %, composition. 
Zn Mg Mn Fe _ Si Al 
2.68 .62 .18 .01 .07_ rest 
The composition of the parent sheet is given below, the 2 alloys only 
differing in Copper Content. The composition of Dural is given for com- 
parison. 























| | | 
Alloy; Zn | Mg | Cu | Mn | Fe | Si | V Cr | Al 
1 | 4.35/1.52/1.55| 15} 12! .o8| .12 | — | rest 
2 |4.35/3.51) 27}; 30] 08| o9| — | 25! , 
Dural) — | .99 | 3.42 | 1.00) 50 | .44 | — | 
| | | | | } 














The corrosion tests covered a period of 200 days and were carried out 
by the DVL standard methods (Stirring and intermittent immersion both 
for plain and looped specimen—the latter for stress corrosion effect). 


The specimen sheets were 1 mm. thick with a cladding of .05 mm. 


The original mechanical properties of the cladded materials are given below: 











{ 
| Yield point | Ultimate | E xtension (10) 
Alloy | © ondition Kg/mm2? | Kg/mm? des 
ae a 27.0 42.3 21.1 
b 33.2 y 40.7 | 3.2 
2 a 30.0 | 48.1 | 20.6 
b | 42.5 48.6 | 11.0 
| 
Dural a 26.6 | 43.7 19.7 
| b | 31.0 43.3 14.6 
| 








(a) cold aged—(room temperature). 
(b) hot aged—(120° for 24 hours for alloys 1 and 2). 
(160° for 72 hours for Dural). 
Cladding for (1) and (2) —Special alloy already discussed. 
Cc ladding for Dural—99.5% Al. 
It will be noted that alloy 2 condition b is especially attractive for its high 
yield point. 
(Communicated by D.S.R., Ministry of Aircraft Production). 


The Effect of Nitrogen on the Properties of Certain —— Valve Steels, 
by H. Cornelius and K. Fahsel. [L.F.F. (Germany), Vol..20, No. 7, 20th July, 
1943, p. 210/216). 


The valve steels commonly employed contain about 15°, Cr., 13% Ni, and 
2% W (Tungsten). Recently austenitic Cr-Mn steels of much smaller Ni 
content have been proposed as a satisfactory alternative and it was claimed 
that the heat stability of such steels could be still further improved by small 
additions of N,. 
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To investigate this matter, the authors prepared 14 samples of austenitic 
steels covering the following ranges of % composition. 











| | | | 
c | si | Mn | Ni | Ge | Ww | Ti | N, 
43} 1.7 | 11 | 3a | 17 | — — 02 
50 | 3.5 | 7 | 91 | 18.3 | 12 48 | 23 
| 











The variation in N, content was obtained by adding different amounts of 
Ferrochrome (containing up to 6% N ) to the melt (high frequency furnace). 
The specimens were hardened by air cooling after forging (1050°C.) and subse- 
quently tempered at 800°C. for 3 hours and again air cooled. 

The tests were carried out both in this (so called original) state and after 
a further annealing at 700°C. for 200 hours followed by air cooling. 

A comparison of the mechanical properties obtained in the original and 
annealed state enabled conclusions as to the stability of the austenitic structure 
to be drawn. 

The authors conclude that the stabilising effect of N, on the austeni- 
tic structure of the steels is very small and that its introduction into the 
steel does not render possible any marked reduction in the Ni content as 
had been previously claimed. Under the most favourable circumstances the 
max. possible addition of N, (about .25%) is equivalent to about 2% Ni but 
in most cases considerably less (.5°%%). (Some previous investigators had 
claimed the replacement value of .2°% N, to be the equivalent of 6% Ni). 

In addition to the mechanical tests detailed above, the resistance of 
the steels to both rapid and slow rates of deformation was investigated. 
For the former, a special pendulum apparatus devised by the author was 
utilised, the experiments covering the temperature range up to 850°C. 

For high rates of deformation (Pendulum test) the addition of Ng is 
definitely beneficial at temperatures up to 400°C. At the working tem- 
perature of the valve (850°C.), however, the N, appears to have no effect. 
From the creep tests at 700°C., the authors conclude that the N , produces 
only a very small effect. 

Such austenitic steels, especially when containing about .5% Ti, are 
sufficiently stable to replace the commonly employed valve steels of high 
Nickel and Tungsten contents thus leading to a considerable saving in these 
two constituents. 


Communicated by D.S.R., Ministry of Aircraft Production). 


MEASURING METHODS, APPARATUS. 


Standard Control Limits. (Production and Engineering Bulletin, December, 
1943, Vol. 2, No. 13, p. 577, 8 figs.). 


Practical applications: (1) Dimensions of a microphone capsule case. 
(2) ‘‘ Close-up ”’ of the tools used on the press for ‘‘ bumping ”’ the case. (3) A 
sample of five components measured on comparator type gauges. Standard 
inspection record cards used. Holding scrap to a minimum. 


Pressure Gauges—Their Installation, Maintenance and Repair, by J. R. 
Fawcett. (Mechanical World, 24th December, 1943, Vol. 114. No. 2973, p. 743, 
13 figs.). 

Instruments are of little use unless they are properly installed, regularly 
serviced and calibrated. Deadweight pressure gauge tester. Screw press for use 
with master gauge. Mercury column for testing gauges. Bourdon gauge. Steel- 
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tube hydraulic gauge. Pressure gauges should be graduated to twice the working 
pressure where this is up to and including 500 lb. per sq. in. and for pressures 
exceeding 500 lb. per sq. in. to one and a half times the working pressure so long 
as the maximum graduation is not less than 1000 lb. per sq. in. The gauges must 
be mounted on a support which is as free as possible from vibration. Schaffer 
diaphragm gauge. Causes of pressure gauge failure. Adjusting a pressure gauge. 
Major repairs : bourdon tubes, movements and new dials are the parts which 
are most likely to need replacement. 


Bearing Inspection Without Contact. (The Machinist, 4th December, 1943, 
Vol. 87, No. 33, p. 86, 8 figs.). 


Lead-indium plating is easily marred or scratched ; hence Wright checks 
the critical I.D. of master-rod bearings by means of the air-gap gauging 
principle. To control the flow of air from the two nozzles, or orifices, the 
shop air pressure is reduced by two regulators and line fluctuations are ironed 
out by a restriction tube in the gauging spindle. Two bearings are stacked 
in a fixture for lead plating to avoid uneven plate thickness, particularly a 
thicker deposit at the ends. 


Precision Tests for Ball Bearings, by C. E. Stoodly. (The Machinist, 
18th December, 1943, Vol. 87, No. 35, p. 92, 5 figs.). 


Carefully planned inspection devices show the radial play, end play 
and sensitivity of ball bearings for instruments. When using the end-play 
measuring device the load is applied to the inner race. With the inner race 
held fast, the load weight is applied and released to determine radial play. 
The sensitivity checking device has an electric clock motor drive and an 
indicator calibrated in inch-ounces. 


Three-Wire Measurements of Screw-Threads—lI and II, by J. F. Heaton. 
(The Machinist, Reference Book Sheet, December, 1943, Vol. 87, No. 35, p. 96a, 
1 fig.). 

Tables which avoid the necessity for calculation if ‘“‘ best wires ’’ are used 
in measurement of American National coarse and fine series threads. 
Best wire is the size of wire that will contact the side of the thread at the 
pitch diameter. Class 1. Loose fit, American National Coarse-thread series. 
Class 2, free fit ; class 3, medium fit; class 4, close fit. 


Automatic Temperature-Recording Control System, by M. E. Moore. 
(Trans.A.S.M.E. (U.S.A.), November, 1943, Vol. 65, No. 8, p. 809, 11 figs.). 


The automatic temperature-recording system developed by the Douglas 
Aircraft Company, Inc., is described. The system provides for the measurement 
of any number of points in groups of twenty-four each. The adaptation of this 
system to any automatic temperature-recording device is discussed, and the 
requirements of such a device are stated. Design considerations are covered, 
and the construction and operation of the system described. 


PLASTIC MATERIAL, POWDER METALLURGY. 


Powder Metallurgy for Production, by RK. P. Koehring. (The Tool Engineer 
November, 1943, Vol. XII, No. 11, p. 105, 4 figs.). 


At the Morain Products Division of the General Motors Corporation, 
a variety of products manufactured includes oil pump gears, self-lubricating 
bearings, highly irregularly contoured cams, diesel injector filters, and fatigue, 
resistant babbitt lined steel bearings. Metal powder is hopper fed into dies, 
pressed into briquette form, sintered in temperature and atmosphere controlled 
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furnaces, and, if necessary, re-sized in a final pressing operation. Secondary 
operations, such as machining, are only necessary when tolerances are required 
which are closer than those which can be controlled in the sintering operation 
in view of the dimensional changes which occur during this heat treatment. 
Typical parts produced by powder metallurgy. 


Copper-Lead Bearings by Powder Metallurgy, by W. D. Jones. (Metal- 
lurgia, October, 1943, Vol. 28, No. 168, p. 255). 


Gives results of extensive tests on Cu-Pb alloys. (Prepared from powders) 
containing 16.5, 25.5, and 36.5% Pb., from which it is concluded that the 
optimum conditions for the production of nonporous products are sintering 
at 650-850°C., with pressure about 5 tons/sq. in., followed by coining pressure 
10 tons /sq. in. 


(Communicated by the British Non-Ferrous Metals Research Association). 


SHOP MANAGEMENT AND ADMINISTRATION. 


Management Problems in Judging Quality Conformance in the Inspection 
Function, by J. M. Juran. (Mechanical Engineering, (U.S.A.), November, 
1943, Vol. 65, No. 11, p. 805, 1 fig.). 


Fact finding distinguished from judgment of conformance. Acceptance 
of material not conforming with functional limits. Acceptance of material 
not conforming with manufacturing limits. Acceptance of conditions of 
poor workmanship. Borderline product. Conflicting measurements. Con- 
flicting interpretations on non-numerical inspection items. Division of 
responsibility between inspector and supervisor. Rejections. Summary. 
Judging manufactured product for conformance with the quality specification 
force for all of the responsibilities which go with the exercise of a judicial 
function. A clear understanding of the facts, a clear understanding of the 
quality law, and a lack of bias are all fundamental to this undertaking. 
This judicial act often leaves to the inspector a broad band of individual 
discretion. 


Practical Applications of Quality Control, by W. A. Bennett. (Machinery, 
23rd December, 1943, Vol. 63, No. 1628, p. 701, 3 figs.). 


Quality control first operates as a control of production, to ensure that only 
a minimum amount of selection of good from bad products is necessary, 
secondly, it enables the producer to appreciate the quality of the bulk by a 


series of samples Chis allows him to establish conditions by which we can 
guarantee a known level of quality rhe framework of supposition. The 
machine product average Method of approach. Quality control in ap- 
plication. Questions of setter’s limit. Smaller sampling scope. Automatic 
Machine performance Fraction defective \pplication to machine products. 
How A COnM Ol ¢ rt for fractional defect is plotted 
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SMALL TOOLS. 

Increase Punch Life. (Zhe Tool Engineer (U.S.A.), November, 1943, Vol. 
XII, No. 11, p. 72, 4 figs.). 

Development of tungsten-carbide punch and die inserts permits economi- 
cal slotting and notching of rotor and stator laminations on limited production. 
Punch and die design. Overall tolerances. 


Industrial Diamonds, by Dr. D. F. Galloway. (Engineering, 3rd December, 
1943, Vol. 156, No. 4064, p. 441, 22 figs.). 

Useful criteria for the selection of diamonds for specific industrial applica- 
tions, are (1) hardness, (2) flaws, (3) inclusions, (4) thermal properties, 
(5) cleavage, (6) twinning, (7) colour and (8) the aggregation of crystals 
other than twinning. Relative hardness of various materials, including car- 
bides and diamonds. Comparison of thermal conductivity and expansion of 
diamond and other materials. Methods of setting diamond tool tips; hot 
setting, cold setting and combined hot and cold setting. Hot setting includes 
casting and brazing. The most usual method of cold setting used for fixing 
diamond turning-tool tips to their shanks is by clamping. 


STANDARDISATION. 


Standardisation of Motor Dimensions, by H. Marryat. (The Journal of the 
Institution of Electrical Engineers, December, 1943, Vol. 90, Part II, (Power 
Engineering), No. 18, p. 369, 2 figs.). 

In this paper the author proposes that British manufacturers should 
collectively standardise overall and fixing dimensions of commercial electric 
motors covering a range of approximately 1 to 50 h.p. The advantages 
quoted for standardisation comprise a saving in drawing and erection costs, 
more prompt deliveries, avoidance of delays, fewer spares, saving of stores 
space, interchangeability and ease of replacement in the event of breakdown. 
Objections which have been advanced against the proposal are considered 
and answered. The degree of standardisation already achieved in the U.S.A. 
is considered, and the paper concludes with remarks upon the possibility of 
standardising control gear. 


SURFACE, SURFACE TREATMENT. 

Metal Spraying with the Gas Pistol (Swedish), by S. Brennert. (Teknisk 
Tidskrift, 14th August, 1943, Vol. 73, No. 33, Berguvetenskap No. 8, p. B61). 

A review of metal spraying, particularly with gas pistols, discussing 
the mechanism of the process, effects of various factors on properties of 
coatings, uses and relative cost compared with other methods of application, 
and probable future developments ; based on a survey of the literature to- 
gether with experience in Sweden. Metal spraying was first taken up in 
Sweden in 1930 and some hundreds of installations are now in use. The author 
expects future developments in Sweden to follow on established lines, viz : 
zinc alone or as a basis for painting ; aluminium in building and food industries, 
and with subsequent annealing for enhanced scaling resistance of hot parts ; 
and steel for building up worn parts as commonly applied in U.S.A 

(Communicated by the British Non- Ferrous Metals Research Association 


WELDING, BRAZING, SOLDERING 

Resistance Welding Practice by means of a Film with Synchronised Com- 
mentary. (Sheet Metal Industries, December, 1943, Vol. 18, No, 200, ~. 2157 
14 figs.) 

rhe excellent illustrations show processes in common use, spot, projection 
veam, butt and fash welding 
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the mechanism of the process, effects of various factors on properties of 
coatings, uses and relative cost compared with other methods of application, 
and probable future developments ; based on a survey of the literature to- 
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(Communicated by the British Non-Ferrous Metals Research Association). 


WELDING, BRAZING, SOLDERING. 

Resistance Welding Practice by means of a Film with Synchronised Com- 
mentary. (Sheet Metal Industries, December, 1943, Vol. 18, No. 200, p. 2157, 
14 figs.). 

The excellent illustrations show processes in common use ; spot, projection, 
seam, butt and flash welding. 
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Flash-welding of Alloy Steels, by H. W. G. Hignett and G. Mayer. (Welding, 
September, 1943, Vol. 11, p. 399). , 


A brief resum* is made of the three metallurgical operations essentially 
involved in flash-welding (heating, flashing, and welding and forging), as 
a basis for discussion of the differences in behaviour of mild steel and alloy 
steels in the flash-welding operation. With mild steels, wide tolerance is 
permissible in the conditions obtaining in each of the three operations. 
For alloy steels, however, the optimum range of conditions is narrow, and can 
be consistently maintained only by using machines permitting fully automatic 
control of pre-heating, flashing and upset. In some cases, post-heating is 
also required. 


(Communicated by the Nickel Bulletin). 


Building-up and Hard Surfacing by Welding, by William Andrews. (Welding, 
December, 1943, Vol. XII, No. 1, p. 9, 3 figs.). 


A distinction must be made between building up to repair or replace worn or 
corroded metal and the incorporation of weld metal of special properties in 
the original design of an article. The building-up or surfacing operations 
in which welding is employed may be considered as serving three main ends : 
(a) repair or reduction of abrasion in all its various forms, (b) repair or 
reduction of corrosion of all types, (c) reclamation of faulty material arising 
from poor workmanship or other reasons. Effect of arc conditions. Metals 
available for arc welding. Special-purpose: electrodes. Oxy-acetylene 
welding. Application of welding for corrosion resistance. Special classes 
of welding. Welding of non-ferrous metals. Welding of special alloys. 


Hard Surfacing Applications and Techniques. (Society of Automotive 
Engineers (U.S.A.), Pamphlet, 1943). 


Prepared for the S.A.E. for the Vehicle Maintenance Section, Division 
of Motor Transport, U.S. Office of Defense Transportation. It outlines 
oxy-acetylene and resistance welding methods of applying the hard surface ; 
selection of surfacing material; operator training; costs; instructions for 
hard-facing a number of automobile parts. 


(Communicated by the British Non-Ferrous Metals Research Association). 


Fabricating Welding-Quality Elektron, by W. K. B. Marshall. (Met. Ind., 
29th October, 5th, 12th, November, 1943, Vol. 63, No. 18—20, pp. 274, 290, 306). 


An authoritative article in three parts. I1—Protection and general handling 
(including fire risks). II—Working (temperature, heating, bending, beating, 
wheeling, pressing and die-forging). III—-Gas welding (general technique, 
flux removal, metallurgical factors, covering power of the flux, welding speed, 
length of run), spot welding, machining, and finishing. 


(Communicated by the British Non-Ferrous Metals Research Association). 


Chain Cables, by T. Scott Glover. (Tvans. of the Inst. of Engineers and 
Shipbuilders in Scotland, December, 1943, Vol. 87, Part 2, p. 11). 


Comparative sizes and weights per 15-fathom length of iron and steel cables 
with one joining shackle. Heat-treatment furnace. 800-KVA_ flash-welding 
machine. Solid and welded links. Links before and after removing ‘‘ upset ”’ 
metal. Section of welded link showing grain flow. Components of welded 
joining shackle. 
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Spot Welding of Aluminium Alloys in Aircraft Construction. (A. V. Seevlender 
Inter Avia (Switzerland), 9th August, 1943, No. 879/80, pp. 1/7). 


The welding of heat hardened Al.-Alloys in aircraft construction is attractive 
from the point of view of production if the dangers due to softening of the 
material at the seam and change of structure of the sheet in the neighbourhood 
of the weld could be overcome. Spot welding appears to offer special advan- 
tages in this connection since the heat is localised and only applied for a short 
period (~ /10 sec.). The subsequent cooling is very rapid (heat conduction to 
the surrounding material) and the small size of the annular softened region 
should not produce a serious drop in strength. Test figures show that this is 
indeed the case and that provided the welding machine is controlled properly 
spot welds of high and consistent strength can be obtained. 

According to the author, the following average shearing strength in Kg. 
per spot should be obtainable under these conditions. 
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As regards the spacing of the spots, similar considerations to those holding 
for riveting apply. The clcser the spacing, the greater the proportion of current 
lost by shunt action of the neighbouring spot. For 1 mm. gauge, a 20 
mm. spacing is recommended. 

For sheet gauges up to 1.5 mm. and in the absence of excessive fatigue 
loads, spot welding thus may replace the much more expensive riveting in 
aircraft construction besides speeding up production considerably. This 
however, only applies if the process can be accurately controlled under prac- 
tical conditions. Lack of such control in the past has caused the strength 
of individual spot welds in light alloy to vary in the ratio of 5 to 1 in practice 
(as distinct from laboratory results), leading to a rejection of the process in 
this important field, whilst the spot welding of iron sheet has already been 
adopted extensively. 

The main difficulty with light alloys is the close approach of the necessary 
welding temperature to the melting point of the alloy, combined with the 
great heat conductivity of the material. In the case of steel, the melting point 
exceeds the welding temperature by 400°C. 

Besides time (vc number of cycles) and current, the contact pressure 
between the electrode and the sheet requires careful control. Excessive pres- 
sure dimples the metal whilst insufficient pressure causes arcing and highly 
undesirable alloying of the copper electrode with the sheet. 

For 1 mm. sheet, the author suggests a contact pressure of about 250 Kg 
using 5 mm. electrodes. This pressure is usually applied hydraulically and 
Maintained constant during the welding period. 

The article concludes with a useful bibliography (18 items). 


(Communicated by D.S.R., Ministry of Aircraft Production). 
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Silver Alloy Brazing with High Speed Localised Gas Heating, by J. I. 
Butzner. [Jvon Age (U.S.A.), 23rd September, 1943, Vol. 152, No. 13, p. 38). 


Selas ceramic gas burners are used in this method, and Easy-Flo and 
Sil-Fos brazing alloys. The equipment and brazing procedure are described 
here, together with numerous examples. 


(Communicated by the British Non-Ferrous Metals Research Association). 


Low- ry swear ve erry with Silver Alloys, by A. J. T. Eyles. (Mechanical 
World, 3vd December, 1943, Vol. 114, No. 2970, p. 642, 6 figs.). 


Silver alloy brazing is actually the cheapest method of making many of the 
joints required in the various metal working industries, where superior strength 
neatness, ductility, leakproof joints and resistance to bending stresses, vi- 
bration and corrosion are primary considerations. The strongest brazed joints 
are invariably obtained when they are closely fitted and a much smaller 
quantity of the silver alloy is used than the filleted or V-joints which are com- 
mon to ordinary brazing alloys or solders. Examples: Silver brazing 
longitudinal seams on small boilers; brazing a steel “‘T”’ pipe to a brass 
eylinder ; Silver brazing a copper tube into a cast brass flange ; low-tempera- 
ture silver brazing very thin brass components ; production silver brazing on 
brass fuel trap units. 


Solders and Soldering Practice, by W. E. Boare. (Sheet Metal Industries, 
December, 1943, Vol. 18, No. 200, p. 2129, 4 figs.). 


Bit soldering and blowpipe soldering of miscellaneous parts in radiator sub- 
assembly operations. Solder sticks metals together by filling the joint spaces 
with a metallic substance that adheres tightly to the members of the joints. 
Composition of solder. Fluxes. The soldering process. Cleaning and fluxing. 
Electro-tinning. Fluxing of the joint. Resin fluxes. Paste fluxes. Heating 
the joint. Soldering iron types. Properties and grades of solder. Photomicro- 
graph showing the bond between soldered steel. Strength properties. 
Antimony in solders. Solders and tin economy. Manipulative technique. 
Substitute solders. 


WELFARE, SAFETY, ACCIDENTS. 


Am I Injuring my Eyes ?, by R. Grange. (Industrial Welfare, November- 
December, 1943, Vol. XX V, No. 291, p. 174, 3 figs.). 


Industrial eye risks can be divided into two main classes—those received 
when welding, and those from general hazards. Gas welding. Electric arc 
welding. The welder’s mate. This man is working as near the arc as the welder 
himself, but cannot be given a very dark welding glass because if he wore 
this he could not see to hold the plate in the correct position. The best 
solution is to supply goggles fitted with a glass called ‘ Infrex.”” The spectacle 
type goggle, suitable for light grinding. The “ Overglass,’’ suitable for welding, 
grinding and like operations. 


Experiments in Rehabilitation. (Jndustrial Welfare, November-December, 
1943, Volume XX V, No. 291, p. 166). 


(1) The Vauxhall scheme. (2) Rehabilitation at the Austin Motor Works. 
The rehabilitation shop. Payment and incentives. Typical cases ; (1) Example 
of occupational therapy and progression from job to job. (2) Alternative 
work for patents awaiting treatment who would normally be unemployed. 
(3) Retraining of permanent cripples. Co-operation with other bodies. 
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ENGINEER PLANNING ENGINEER 


Mn 


Well, sir, I think we both have a lot in common. 
We both know that production can only be as good 
as the existence of “bottlenecks” will allow. It 
isn’t easy these days to get the extra machine tools 
necessary to smooth out 

production at an even 

rate. But the use of tools — 

of super performance is the 

best way to reduce cutting 

times and Cutanit Cemented 

Carbide tools certainly give 

maximum performance. Itmay 

prove to be time well spent to / 

check up on what I’m saying. I’ve ‘y 

studied the application of Cutanit 

Tools to a thousand different jobs for * 

many years, and I would like to 

collaborate with you on your own 

particular problem. 


I am always ready to come along 
and discuss the matter with you. 


BRAND CEMENTED CARBIDES 


TRADE MARK The Hardest & Strongest Cutting Tools for 1001 uses. 





Write Department ‘E’ Cutanit Development Service E 
WILLIAM JESSOP & SONS LTD., Brightside Works, Sheffield 
or J. J. SAVILLE & CO. LTD., Triumph Stee! Works, Sheffield 
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